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Borderline personality disorder (BPD) is a severe and chronic mental health 
disorder. Crucial hallmark features comprise affective lability, impulsive behavior and 
problems in interpersonal relationships. The purpose of this dissertation was to enlighten 
the relation of key symptoms in BPD and cognitive abilities that are necessary for a well-
functioning and successful daily life, such as paying attention or adequate reward 
processing. Moreover, a new paradigm, the ToMenovela, is introduced, which will 
contribute to research on impaired interpersonal relationships in BPD. 
In the first study, we investigated the relationship of self-reported trait anxiety 
(STAI sum score) and neural response during conflict processing in a flanker task with 
emotional distractors. Patients exhibited no substantial differences in conflict detection 
compared to a healthy control (HC) group, irrespective of the distractors’ emotional load. 
However, there was an overall increased response of the extended anterior cingulate 
cortex (ACC) in fearful relative to neutral trials in BPD, but not in HC group. Furthermore, 
a disorder-specific significant negative relationship was observed between STAI scores 
and ACC activation during emotional high conflict trials. Results indicate that patients 
might have an increased implicit processing of irrelevant negative emotional information, 
which the right amygdala might be able to suppress by means of emotion regulation in the 
congruent condition, but not under higher cognitive demand of the incongruent condition. 
In the second study, we employed a monetary incentive delay (MID) paradigm and 
correlated neural activity with self-reported impulsivity (BIS sum score). Results indicate 
that patients show significantly reduced neural responses of the ventral striatum (VC) and 
its core structure, the nucleus accumbens (NAcc), during reward, as well as loss 
predicting stimuli. In particular, we identified a significant negative correlation between the 
anticipation of losses and BIS scores in the NAcc. In line with recent findings about 
disadvantageous, risky choices or self-harming decisions despite explicitly knowing the 
negative consequences, our results suggest that impulsivity in BPD may in part result 
from impaired anticipation of aversive outcomes. 
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The third study introduces a new stimulus set for the assessment of social 
cognition in daily life. At present, paradigms with high ecological validity are insufficient for 
advanced investigation. Therefore, we developed the ToMenovela, a set consisting of 190 
still visual stimuli, presenting emotionally loaded pictures around a fictitious, yet realistic, 
circle of 8 friends. The set is applicable for experimental designs on 1st and 3rd person 
perspectives, as well as the assessment of affective and cognitive Theory of Mind tasks. 
Additionally, pictures have been evaluated by a healthy control group (31 women, 30 
men) on their emotional valence with respect to the six basic emotions by Ekman.  
 
To summarize:  
 
i) BPD patients report heightened levels of trait anxiety and trait impulsivity, 
ii) brain-behavior correlations indicate: 
  a. anxiety scores in BPD correlate significantly positively with the  
      processing of emotional distractors in high conflict conditions, 
  b. impulsivity scores in BPD correlates significantly negative with  
      the anticipation of aversive outcomes, 
iii) trait empathy is thought to be disturbed in BPD with respect to functioning 
 in interpersonal relationships, and a novel stimulus  set of high ecologic 
 validity (The ToMenovela) has been developed which will allow 




Die Borderline Persönlichkeitsstörung (BPS) ist eine schwerwiegende psychische 
Erkrankung. Zu den zentralen Merkmalen gehören affektive Labilität, impulsives 
Verhalten und Probleme in zwischenmenschlichen Beziehungen. Ziel meiner Promotion 
ist es, die Beziehung von Leitsymptomen der BPS und kognitiven Fähigkeiten, die für die 
Bewältigung eines gut funktionierenden und erfolgreichen Alltags notwendig sind (wie 
Aufmerksamkeit oder adäquate Belohnungsverarbeitung), zu untersuchen. Darüber 
hinaus wird ein neues Paradigma vorgestellt, die ToMenovela, welches zur Untersuchung 
von gestörten interpersonellen Beziehungen bei BPS beitragen wird. 
In der ersten Studie wurde die Beziehung von selbstberichteter Ängstlichkeit 
(STAI Summenwert) und neuronaler Aktivierung im Rahmen einer experimentellen flanker 
Aufgabe untersucht, die emotionale Distraktoren1 während einer Konfliktverarbeitung 
darbot. Verglichen mit einer alters- und IQ-angepassten gesunden Kontrollgruppe zeigten 
Patientinnen keine substantiellen Veränderungen während des Erkennens von Konflikten, 
unabhängig von der Emotionalität der Distraktoren. Es zeigte sich allerdings eine 
übergreifende verstärkte Antwort im (erweiterten) anterioren Cingulum (ACC) während 
angstbesetzter im Vergleich zu neutralen Durchgängen. Darüber hinaus konnten wir eine 
signifikante, negative Korrelation zwischen STAI-Werten und Aktivierung im ACC 
während der gleichzeitig emotionalen und konfliktbehafteten Bedingung bei BPS 
beobachten, welche bei den Kontrollen ausblieb. Unsere Ergebnisse geben Hinweise 
darauf, dass Patientinnen möglicherweise eine erhöhte implizite Verarbeitung von 
irrelevanten, emotional-negativen Informationen haben. Diese scheint die rechte 
Amygdala teilweise durch emotionale Regulation in der kongruenten (“einfachen”) 
Bedingung unterdrücken zu können, jedoch nicht in der schwereren (inkongruenten) 
Aufgabe mit erhöhter kognitiver Beanspruchung. 
In der zweiten Studie wurde ein monetary incentive delay (MID) Paradigma 
verwandt, um die Beziehung von selbstberichteter Impulsivität (BIS Summenwert) und 
                                                     
1 Unter Distraktoren sind in diesem Kontext ablenkende Reize im Rahmen des experimentellen Versuchsdesigns zu 
verstehen. 
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neuronaler Aktivierung bei Belohnung und Bestrafung zu untersuchen. Unsere 
Ergebnisse legen nahe, dass Patientinnen eine signifikant reduzierte neuronale Antwort 
im ventralen Striatum (VS) und dessen zentralem Nucleus Accumbens (NAcc) während 
Belohnungs- und Verlust-anzeigenden Reizen aufzeigen. Insbesondere zeigte sich eine 
signifikante, negative Korrelation zwischen der Erwartung von Verlust im NAcc und BIS-
Werten. Im Einklang mit bisherigen Ergebnissen über unvorteilhafte, riskante 
Entscheidungen oder selbstschädigendes Verhalten (trotz des Wissens um negative 
Konsequenzen) deuten unsere Befunde darauf hin, dass Impulsivität bei BPS aus einer 
gestörten Wahrnehmung von aversiven Folgen resultieren könnte. 
In der dritten Studie wird ein neues Stimulus Set zur Erforschung von sozialer 
Kognition im Alltag vorgestellt. Die ToMenovela, eine Sammlung von 190 Photographien, 
besteht aus emotional aufgeladenen Bildern über einen fiktiven, gleichwohl realistischen 
Freundeskreis von 8 Personen. Der Einsatz ist sowohl für experimentelle Designs mit 
Aufgaben zur 1.- und 3.-Person-Perspektive möglich, als auch bei Fragen zur affektiven 
und kognitiven Theory of Mind. Zusätzlich wurden die Bilder von einer gesunden 
Kontrollgruppe (31 Frauen, 30 Männer) nach emotionaler Valenz bezüglich der 6 Basis-
Emotionen nach Ekman bewertet. 
 
Zusammenfassend ist festzuhalten:  
 
i) Borderline-Patientinnen berichten über höhere Ängstlichkeit und 
 Impulsivität als Persönlichkeitsmerkmale im Vergleich zu einer gesunden 
 Kontrollstichprobe, 
ii) Zusammenhang von Hirnaktivität und Verhaltensmaßen: 
            a. das Ausmaß an selbstberichteter Ängstlichkeit korreliert   
     signifikant positiv mit der Verarbeitung von emotionalen   
     Distraktoren in konfliktbehafteten (experimentellen) Bedingungen, 
  b. das Ausmaß von selbstberichtete Impulsivität korreliert negativ  
      mit der Antizipation von aversiven Konsequenzen,  
 x 
iii) Studien deuten darauf hin, dass das Persönlichkeitsmerkmal Empathie bei 
 BPS hinsichtlich der Funktionsfähigkeit im interpersonellen Kontext 
 verändert ist. Daher wurde ein neues Stimulus Set mit hoher ökologischer 
 Validität (The ToMenovela) entwickelt, um zukünftig Aspekte sozialer 
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1 Borderline Personality Disorder 
1.1 Theoretical Background 
Overview: In the following section, I will outline the history of Borderline 
personality disorder, which is marked by a decade-long struggle of psychologists and 
psychiatrists for a unitary nomenclature. Since the official delineation in 1980 in the DSM-
III, standardized diagnostic criteria have been subject to a variety of reviews and 
conceptualizations. I will therefore emphasize the clinical representations rather than the 
recent diagnostic criteria.2  
1.1.1 History and Current Epidemiology of BPD  
In 1938, American psychoanalysist Adolph Stern was the first to introduce the 
term “borderline group” (Stern, 1938), compiling a set of ten symptoms that still resemble 
the current diagnostic criteria. He introduced the term ‘borderline’ to describe what he 
observed because it ‘bordered’ on other conditions (Gunderson, 2009; Paris, 2005): 
patients would ‘fit frankly neither into the psychotic nor into the psychoneurotic group’ 
(Stern, 1938, p. 467). Otto Kernberg supported Sterns idea that mental disorders are 
determined by distinct personality organizations, and postulated the psychotic, neurotic 
and borderline personality (Kernberg, 1967; Skodol, Gunderson, Pfohl, Widiger, Livesley, 
& Siever, 2002) – the latter one being defined by primitive defense mechanisms (splitting, 
projective identification), identity diffusion, and lapses in reality testing. In 1968, Grinker 
and colleagues published the seminal monograph “The Borderline Syndrome” (Grinker, 
Werble, & Drye, 1968; cf. Friedel, 2004), followed by the edited volume “Defining 
borderline patients: An overview” by Gunderson and Singer (1975). These breakthrough 
publications comprised literature reviews with an extraction of essential hallmarks and 
resulted in the implementation of BPD in DSM-III (APA, 1980).  
Today, the prevalence of BPD is estimated to be between 0.5 and 5.9 % in the 
general population (Grant et al., 2008; Lenzenweger, Lane, Loranger, & Kessler, 2007). In 
clinical populations, BPD is the most common personality disorder, making up about 10% 
                                                     
2 Recent diagnostic criteria may be found in the appendix (6.1 and 6.2) as they appear in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM), published by the American Psychiatric Association (APA; DSM-IV-TR, APA, 2000; 
DSM-5, APA 2013) and the International Classification of Diseases (ICD), published by the World Health Organization 
(WHO; ICD-10, , Mombour, Schmidt, & WHO, 1994) respectively. 
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of all psychiatric outpatients and between 15% and 25% of inpatients (Gunderson, 2009). 
It thereby constitutes a disproportionately large subset of psychiatric groups, who 
consume considerably more mental health resources than most other psychiatric patients 
(Bender et al., 2001; Zanarini, Frankenburg, Khera, & Bleichmar, 2001). Reasons include 
high rates of therapeutic drop out, a lack of compliance, and diffuse and intense 
medication (Bohus et al., 2016; Gunderson et al., 1989; Martino, Menchetti, Pozzi, & 
Berardi, 2012). 
1.1.2 Clinical Representations and Co-Morbidities 
People suffering from Borderline personality disorder are typically characterized by 
affective instability, impulsive outbursts, difficulties in interpersonal relationships, self-
mutilating behavior, and problems of self-identity, i.e. a frequently changing image of the 
self and one’s aims and abilities (Paris, 2005, 2012). In social contexts, the alternating 
between extremes of idealization and devaluation of someone else is a source for 
affective reactions. Patients show a pattern of projective identification with the respective 
other, and feelings of rejection cause emotional pain (Chapman, Dixon-Gordon, Butler, & 
Walters, 2015; Chapman, Walters, & Dixon-Gordon, 2012; Lazarus, Cheavens, Festa, & 
Rosenthal, 2014). Patients’ propensity to engage in intensive, yet unstable interpersonal 
contacts can lead to repetitive emotional crises with suicide threats or suicidal attempts 
and self-mutilating behavior like cutting, burning cigarettes on the skin, strangling, or 
punching the head against a wall (Fowler, Hilsenroth, & Nolan, 2000; Oumaya et al., 
2008). On the one hand, people with BPD have a strong need for affiliation, yet, on the 
other hand, they are afraid of closeness. They typically provoke what they fear the most – 
to become abandoned (Herpertz & Bertsch, 2014; Melges & Swartz, 1989). Extreme 
changes of mood, such as oscillating between anxiety, anger, hostility, desperation, 
irritability, depressivity and the unpleasant feeling of inner emptiness (Houben et al., 
2016; Trull et al., 2008) oftentimes lead to chronic dysthymia and inadequate, intense 
outbursts of fury and impulsive behavior, without regard for the consequences 
(Schuermann, Kathmann, Stiglmayr, Renneberg, & Endrass, 2011; Svaldi, Philipsen, & 
Matthies, 2012). People with BPD tend towards “all-or-nothing”-attitudes, sometimes 
covering their anxieties and true mental states with a basal skeptical and distrusting 
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attitude. There may also appear transient paranoid feelings or severe dissociative 
symptoms like movement disorders or dissociative amnesia (Lieb, Zanarini, Schmahl, 
Linehan & Bohus, 2004). 
To achieve a clinical diagnosis, five of the nine DSM-IV-TR (APA, 2000) criteria 
are sufficient, which implies that patients are likely to exhibit one of 256 possible 
combinations. Much debate has occurred in the literature about dimensional structures 
and determining, underlying mechanisms (Andion et al., 2011; Giesen-Bloo, Wachters, 
Schouten, & Arntz, 2010; New, Triebwasser, & Charney, 2008). Livelsly proposes 
anxiousness as being the central feature (Livelsly, 2008; cf. section 2.1.3.), Linehan 
argues for the crucial combination of emotional vulnerability and emotion dysregulation 
(Linehan, 1993; cf. section 2.2.3), Gunderson sees interpersonal dysfunctioning as “the 
best discriminator” for a diagnosis of BPD (Gunderson, 2007; cf. section 2.3.4.). One 
possible way of grouping the diagnostic entirety may be into affective symptoms (e.g. 
reactivity of mood, inappropriate and intense feelings of anger, depressiveness, chronic 
feeling of inner emptiness), impulsive symptoms (e.g. recurring suicidal behavior or 
threats, mutilating behavior, risky substance use or sexual behavior, reckless driving or 
binge eating), interpersonal symptoms (e.g. identity disturbances) and cognitive 
symptoms (e.g. transient paranoid ideation, dissociative symptoms) in varying 
combinations and degrees of severity (Lieb et al., 2004; Paris, 2005; Zanarini, 
Gunderson, & Frankenburg, 1990; Zanarini, Gunderson, Frankenburg, & Chauncey, 
1989).  
Typically, BPD is accompanied by a high degree of co-morbidities such as 
substance abuse disorders (Sher & Trull, 2002), depression and other affective disorders 
(Zanarini et al., 1998a, Zanarini, Frankenburg, Hennen, Reich & Silk, 2004a), 
posttraumatic stress disorder (PTSD; Pagura et al., 2010; Zlotnick et al., 2003), attention 
deficit hyperactivity disorder (ADHD; Asherson et al., 2014), eating disorders (Zanarini, 
Reichman, Frankenburg, Reich, & Fitzmaurice, 2010) and other personality disorders 
(Loas et al., 2013, Zanarini et al., 1998b; Zanarini et al., 2004b). Roughly three-quarters 
of all BPD patients report engaging in suicidal behavior at some point (Paris et al., 2004; 
Zanarini et al., 2004b), with up to 10% eventually committing suicide (Lieb et al., 2004).   
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2 Key symptoms 
Overview: The following section will establish key aspects of BPD 
symptomatology that are relevant in the context of my dissertation: anxiety, impulsivity, 
and problems in interpersonal relationships. With regard to study 1 and 2, the respective 
self-report measurements will be described; with regard to study 3, an explanation of the 
differentiations between related constructs like empathy and the Theory of Mind (ToM) will 
be provided, as well as a summary of experimental paradigms for the assessment of 
social cognition. Finally, I will establish my study rationales based on the outlined current 
state of research.  
2.1 Anxiety 
For the purpose of this dissertation, I will approach the multifaceted concept of 
“anxiety” by first distinguishing anxiety from fear (cf. Krohne, 2010, chapter 1): 
Hackfort and Schwenkmezger further describe anxiety as being composed of 
cognitive, emotional and physical components, and arising in situations of danger or in 
anticipation of a dangerous or threatening situation. Cognitive characteristics may include 
subjective appraisal processes and self-referential thoughts. Emotional characteristics 
comprise aversive experienced arousal. This, in turn, also manifests itself in physiological 
changes and may be accompanied by behavioral changes (Hackfort & Schwenkmezger, 
1985, p.19). 
2.1.1 Levels of Anxiety 
Anxiety can occur on distinguishable, yet possibly interacting levels. Symptoms 
from each category can appear independently with no hierarchical structure and even 
contradictory results (for detailed information, see Krohne, 2010).  
Subjective components comprise feelings and sensations that are experienced 
intraindividually and privately, such as facets of apprehension, distress, nervousness, 
Fear: Characterized by a distinct source of danger, eliciting flight tendencies 
Anxiety: Marked by cues of danger with experiences of ambiguity or insecurity, 
thereby evoking a blocking of reactions 
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worry, or mental states of panic. It can therefore only be self-reported, e.g. via 
questionnaires, one-item-scales or adjective checklists. Physiological components can 
include symptoms of restlessness and shortness of breath, sweating, elevated heartrate, 
or muscle tension. As arousal-appraisal-theories postulate (Scherer, Shorr, & Johnstone, 
2001), the awareness of fear may arise before or after physiological changes. On a 
behavioral level, attempts to cope with an unpleasant situation may be observed and 
expressed through avoidance, escaping, or becoming overly attached to a safety object or 
person. Cognitive components comprise a group of symptoms that includes all aspects 
of impairments in concentration, memory and intelligence, and even phenomena of 
dissociation or derealization.  
2.1.2 Measuring Anxiety: The Construct of State Anxiety and Trait Anxiety 
The State-Trait Anxiety Inventory (STAI, Spielberger, Gorsuch & Lushene, 1970; 
see appendix [6.3] for STAI-trait form) was the self-report questionnaire of choice for 
study 1 and will thereby be described in this section. For overviews of other instruments 
on the different levels of anxiety, see Krohne, 2010 (chapter 2) or Sedlmayr-Länger, 1985. 
Cattell and Scheier’s multivariate analysis techniques resulted in two distinct 
facets of anxiety: state and trait (Cattell & Scheier, 1961). Subsequently, Spielberger 
described traits as enduring and general dispositions to react to situations in a consistent 
manner. Trait anxiety involves a tendency to experience anxious symptoms in non-
threatening situations, implying a certain vulnerability to stress (Spielberger, 1972), 
whereas state anxiety is a discrete response to a specific threatening situation. It involves 
transitory unpleasant feelings of apprehension, tension, or worries, often accompanied by 
activation of the autonomic nervous system and presumably forming a natural defense 
and adaptation mechanism in the face of a threat. People with high trait anxiety are 
assumed to be more prone to experiencing state anxiety and to respond to a wider range 
and higher number of situations as dangerous or threatening. Based on this conceptual 
framework, Spielberger and colleagues developed the State-Trait Anxiety Inventory 
(Spielberger et al., 19703) to provide a reliable self-reporting instrument for assessing 
both state and trait anxiety. The current version of the STAI consists of two separate 
                                                     
3 For my experiment, I used the German version by Laux, Glanzmann, Schaffner, and Spielberger (1981). 
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scales with 20 items each, assessing trait anxiety and state anxiety respectively 
(Spielberger, Vagg, Barker, Donham & Westberry, 1980). Examples for state anxiety 
items are “I feel at ease” and “I feel upset”; examples for trait anxiety are “I am a steady 
person” and “I lack self-confidence”. Participants can answer on a 4-point scale from “Not 
at all” to “Very much so” (state anxiety) and “Almost Never” to “Almost Always” (trait 
anxiety).  
2.1.3 Anxiety in BPD  
Patients suffering from BPD typically exhibit elevated levels of anxiety and 
frequently show co-morbid anxiety disorders. “Marked reactivity of mood, e.g. intense 
episodic dysphoria, irritability, and anxiety” (DSM-IV-TR; APA, 2000) or “intense feelings 
of nervousness, tenseness, or panic, often in reaction to interpersonal stresses; […] fears 
of falling apart or losing control” (DSM-5; APA, 2013) are characteristic symptoms for 
BPD patients. Results from the Wave 2 National Epidemiologic Survey on Alcohol and 
Related Conditions revealed lifetime co-occurrence rates of any anxiety disorder in BPD 
with 74.2% (men: 66.1%, women: 81.1%; Grant et al., 2008). Regarding the low to 
moderate rates observed in clinical studies, authors argue that this may reflect the lack of 
systematic research of the broad range and variety of anxiety disorders. However, as 
argued above (section 2.1.2), the construct of trait anxiety is not equal to a disorder.  
In fact, trait anxiety in BPD has to be understood as free-floating anxiety. It 
typically does not arise from a specific, rational and objective cause, but, is rather related 
to a pervasive underlying feeling of fragility of one’s social environment. It has the 
character of vagueness, indetermination and unpredictability (Dulz, 1999), experienced as 
disconcerting and frightening for the patients and thereby equaling a permanently 
enhanced negative emotional arousal (Dulz, 2011). Characteristics are intensity, 
persistence, abnormal coping strategies, and the subjective feeling of an unavoidable and 
uncontrollable, existential threat, even without the existence of an objective danger. 
Notably, anxiety in BPD can predominantly be found in interpersonal contexts, e.g. as fear 
of abandonment,4 separation or rejection (Gunderson, 2011). Furthermore, loss of control 
or anxious-ambivalent insecure attachment behavior (Hooley, Cole & Gironde, 2013) are 
                                                     
4 Note: fear in this term is strictly speaking not correct due to the lack of a distinct object. 
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typically found in BPD. According to Livesley (2008), the essence of Borderline-typical 
traits is organized around this fundamental trait of anxiousness. Dysregulation of a threat 
management system may lead to pervasive fearfulness and unstable emotions. Disturbed 
emotional reactivity, involving frequent and unpredictable emotional changes as well as 
irritability, aberrant emotional intensity (e.g. over-reactivity or exaggeration of emotional 
significance) and impulsive reactions, are possible consequences (Livesley, 2008). 
2.1.4 Results from Neuroimaging Research on Anxiety  
The so-called ‘emotional brain’ is composed of cortico-limbic structures, such as 
the medial and lateral prefrontal cortex (mPFC and lPFC), ACC and hippocampus, and 
subcortical structures including the basal ganglia and amygdala (Phillips, Drevets, Rauch 
& Lane, 2003). More precisely, the mPFC (especially BA5 10/32) is densely connected 
with the amygdala and subcortical structures like the ventral striatum (VS), and 
furthermore connected to ventral (vmPFC, vlPFC) and dorsal (dACC, dmPFC, dlPFC) 
regions. These connections link medial regions that are implicated in emotion processing 
and lateral and dorsal (prefrontal) regions which are implicated in executive functions.6  
Because of its central role in the processing of negative emotions, the amygdala in 
particular is a well-investigated core structure (Adolphs, 2002; Breiter et al., 1996; Davis, 
1992; Dunsmoor & Paz, 2015; Morris et al., 1996). Dysfunction of the amygdala may lead 
to emotional dysregulation, resulting in maladaptive responses to stressful experiences 
and psychological distress (Schaefer et al., 2002; Urry et al., 2006).  
Emotion dysregulation models of BPD suggest abnormalities in key nodes of the 
neural networks involved in fear processing, such as the amygdala and mPFC (Herpertz 
et al., 2001; Kamphausen et al., 2013; Tebartz van Elst et al., 2007). Several studies have 
reported higher amygdala activation in BPD compared to controls when responding to 
negative emotional stimuli like fearful facial expressions (Donegan et al., 2003; 
Minzenberg, Fan, New, Tang & Siever, 2007; Silbersweig et al., 2007) or during the 
presentation of pictures from the International Affective Picture System (IAPS; Hazlett et 
al., 2012; Krause-Utz et al., 2012). It is further proposed that hyperactivity in limbic 
                                                     
5 BA = Brodmann Area 
6 For further information on emotion regulation models, see for example Ochsner and Gross (2008), Phillips et al. (2003), 
and Phillips, Ladouceur, and Drevets (2008). 
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regions like the amygdala is accompanied by hypoactivation in prefrontal regions that are 
involved in the top-down control of emotions and behavior (Donegan et al., 2003; New et 
al., 2007; for a meta-analysis, see Schulze, Schmahl, & Niedtfeld, 2016).  
Moreover, studies on negative emotion processing in BPD report further activation 
of brain regions in the posterior cingulate cortex (PCC), fusiform face area, superior 
temporal gyrus (STG), and cerebellum (Ruocco, Amirthavasagam, Choi-Kain, & McMain, 
2013; Schulze et al., 2016). This suggests that BPD patients engage a rather widespread 
network which might stand for a broader net of activation during processing of negative 
emotions.  
Controversially, a meta-analysis by Ruocco and coworkers revealed reduced 
activation in BPD compared to HC groups with respect to negative emotionality in a 
network of regions that extended from the amygdala to the subgenual ACC and dlPFC 
(Ruocco et al., 2013). Hence, overall findings are inconsistent, which, according to 
Ruocco, might be due to sample characteristics (e.g. group sizes, symptom severities, 
medication status, sex, age), experimental designs (e.g. task methodology, aural or visual 
presentations, differing or missing neutral conditions), or the influence of a variety of co-
morbidities, especially affective disorders like depression or bipolar disorder, or anxiety 
disorders. 
Previous studies reported altered cognitive processing when explicitly processing 
negative emotional information in BPD (Minzenberg et al., 2007; Wingenfeld et al., 2009). 
To better understand the causes of inconsistent results on general alterations of cognitive 
function in BPD (cf. Sprock, Rader, Kendall, & Yoder, 2000), the disentanglement of a 
cognitive task from emotional stimuli would be of avail. In study 2, we therefore 
investigated how task-irrelevant emotional interference affects behavioral performance 
and neural mechanisms in an attention-demanding cognitive task in BPD patients, and 
how neural activity correlates with self-reported trait anxiety.  
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2.2 Impulsivity 
2.2.1 The Challenge of Definition 
Many people are probably familiar with impulsive situations – spending saved 
money on useless objects, having an extra beer, a cigarette or a big ice-cream, just on 
the spur of the moment. Impulsivity may occur in numerous situations and encompasses 
cognitive, behavioral, emotional and biological aspects (Chamberlain & Sahakian, 2007; 
de Wit, 2009; McCloskey et al., 2009; Nigg, 2000). There is still a lack of a satisfactory 
definition of impulsivity and authors rather agree on its multidimensional nature rather 
than unitary character (Barratt, 1993; Cyders & Coskunpinar, 2011; Evenden, 1999; 
Moeller, Barratt, Dougherty, Schmitz, & Swann, 2001).  
Daruna and Barnes (1993) understand impulsivity as “actions that are poorly 
conceived, prematurely expressed, unduly risky, or inappropriate to the situation and that 
often result in undesirable consequences” (Daruna & Barnes, 1993, p. 23). They agree 
with Dickman’s assumption that impulsivity is not disadvantageous in general, but can be 
distinguished into two types of impulsivity: dysfunctional impulsivity as the “tendency to 
act with less forethought than most people of equal ability would do”, and functional 
impulsivity as the “tendency to act with relatively little forethought when such a style is 
optimal” (Dickman, 1990).  
In the context of my dissertation and due to the application of the monetary 
incentive delay paradigm, I therefore chose to define impulsivity as 
Results based on models from (neuro-)cognitive sciences hardly correlate with 
self-reported impulsivity (Cyders & Coskunpinar, 2011; Stahl et al., 2014).7 This is likely 
because behavioral tests are lab tasks that measure an individual’s actual response to 
                                                     
7For further information on conceptualizations on impulsivity, see Whiteside and Lynam (2001) and Whiteside, Lynam, 
Miller, and Reynolds (2005). 
a premature, possibly risky acting out of a spontaneous whim with little or no 
forethought and despite possible undesirable consequences.  
Two essential components comprise i) the lack of appropriate deliberations  
and ii) the choice of short-term gains over long-term considerations.  
 10 
stimuli or specific situations, whereas self-reporting refers to what an individual thinks or 
believes he or she would do in a certain situation (Cyders & Coskunpinar, 2011).  
2.2.2 Pathological Impulsivity 
For psychiatric investigations and diagnostic specifications, Moeller and 
colleagues (2001) suggest to incorporate into a definition of impulsivity 
        i.  decreased sensitivity to negative consequences of behavior,  
        ii. rapid, unplanned reactions to stimuli before complete processing of  
  information, and 
        iii. a lack of regard for long-term consequences.  
These attributes can be found in psychiatric domains that are typically associated 
with impulsive behavior like alcohol misuse (Beck et al., 2009; Rogers, Moeller, Swann & 
Clark, 2010), eating behavior (Kaye, 2008; Kessler, Hutson, Herman, & Potenza, 2016), 
gambling (Fauth-Bühler, Mann, & Potenza, 2016; Leeman & Potenza, 2012), compulsive 
buying (Dell'Osso, Allen, Altamura, Buoli, & Hollander, 2008), or ADHD (Lopez, 
Dauvilliers, Jaussent, Billieux, & Bayard, 2015), all of which are common for BPD. 
Examples of the respective impulsive characteristics are  
       i.  Substance use disorders (SUD; ICD-10: F1x): persistent desire with unsuccessful  
           efforts to control substance intake in terms of onset, termination, or levels of use,  
       ii. Attention deficit hyperactivity disorder (ADHD; ICD-10: F90): excessive running and   
           climbing (children) / losing temper easily and angering quickly (adults), 
       iii. Bulimia nervosa (ICD-10: F50.2): uncontrollable intake of large amounts of food.  
Exclusion criteria for all studies were current SUD, ADHD or lifetime psychotic 
episodes during a manic state, in order to diminish possible influences of co-morbidities 
on levels of impulsivity. 
2.2.3 Clinical Representations of Impulsivity in BPD 
Impulsivity in BPD is most prominently demonstrated by self-destructive behaviors 
like self-mutilation and deliberate self-harm, drug misuse or addiction, and suicidal 
behavior (APA, 2000, 2013; Leichsenring, Leibing, Kruse, New & Leweke, 2011; Lieb et 
al., 2004, Skodol et al., 2002). Furthermore, patients are oftentimes observed as acting 
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inappropriately aggressively towards themselves or other people, rashly reacting with 
yelling, threatening or even physical actions. Negative consequences of these behaviors 
are not taken into account, such as getting hurt, or being arrested by the police. 
Furthermore, excessive spending sprees, reckless driving, disordered eating behavior, 
unsafe sexual practices and promiscuity are frequently observed in BPD (Sansone, Lam, 
& Wiederman, 2010; Sansone & Sansone, 2011). Impulsive behavior may consequently 
lead to problems with regard to relationships, physical health, finances, and legal issues 
(Black et al., 2007). 
Important considerations come from a number of studies using factor analysis to 
detect underlying mechanisms of BPD-typical symptomatology. Results support the 
notion of a trinity of affective dysregulation, behavioral dysregulation, and disturbed self-
identity as a framework for BPD-associated features (Andion et al, 2011; Fossati et al., 
1999; Sanislow et al., 2002). These three domains are highly interrelated and thereby 
likely causing dynamic relationships between the factors. Possible outcomes of such 
interactions result in a modulation of behavioral impulses by affective dysregulation 
(Clifton & Pilkonis, 2007; Johansen, Karterud, Pedersen, Gude, & Falkum, 2004).  
Linehan (1993) has proposed a model of BPD characterized by a combination of 
emotional vulnerability and emotion dysregulation (Linehan, 1993). Within this framework, 
these types of impulsive, self-damaging behaviors occur in response to negative 
emotions. Such conceptualizations of impulsive behavior describe it as attempts to 
manage negative emotions (Brown, Comtois, & Linehan, 2002; Crowell, Beauchaine, & 
Linehan, 2009; Trull et al., 2008). For example, BPD patients tend to have increased 
sensitivity to negative emotional states, notably making negative judgments of ambiguous 
or even neutral stimuli (Wagner & Linehan, 1999), which may lead to impulsive behavior 
as a kind of (maladaptive) coping strategy to negative affective states (Sebastian, Jacob, 
Lieb, & Tuscher, 2013). Impulsive behavior, likely resulting from BPD-typical negativity 
bias, may occur when affective arousal overwhelms the individual, leading to a distorted 
perception or blurred appraisal of external stimuli (Domes, Schulze, & Herpertz, 2009). 
The sudden changes from different (negative) moods such as anger, hostility, aggression, 
anxiety or hopelessness push the individual’s inner tension to the limit. Those mood 
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swings are experienced as being unavoidable and uncontrollable. Paradoxically, patients 
oscillate between harm avoidance up to dissociation on the one hand, and sensation 
seeking on the other (Fassino et al., 2009), which might be a compensatory mechanism 
for a reduced responsiveness to reward-related stimuli (Schuermann et al., 2011).  
2.2.4 Measuring Impulsivity 
Clinical explorations of impulsivity oftentimes use ecological methods close to real 
life (subjective experience reports, questionnaires, observational methods), whereas 
basic research prefers well-controlled laboratory methods, using behavioral paradigms 
which likely provide objective dependent measures like accuracy rates or reaction times 
(cf. section 2.2.5). For the purpose of my study, I will only introduce the Barratt 
Impulsiveness Scale (BIS;8 Patton, Stanford, & Barratt, 1995; see appendix [6.4] for 
complete questionnaire), an instrument I have chosen as it is has most often been used to 
investigate BPD patients and different control groups (Sebastian et al., 2013), thereby 
facilitating comparisons to other study cohorts. 
Originally, the BIS was developed on the basis of anxiety questionnaires, which in 
review revealed clusters of items that “suggested an impulsiveness trait (acting without 
thinking) that had a relatively low correlation with a cluster of anxiety items” (Barratt, 1993, 
p. 40). After adding further information from medical, behavioral and social models to its 
originally psychological approach, Barratt stated that impulsiveness was multidimensional, 
though the BIS should not only be conceptualized as an orthogonal scale to anxiety but 
contrast other “action-oriented” traits such as sensation seeking, extraversion, and risk 
taking (Barratt, 1993). 
The BIS-11 comprises a motor component (acting without thinking; inconsistency 
of lifestyle), a cognitive or attentional component (the propensity to make rapid, but 
possibly erroneous, cognitive decisions; difficulty in focusing), and a future orientated 
“coping stability” sub trait (also called non-planning component with diminished orientation 
towards the future and disliking of challenging mental tasks; Stanford et al., 2009). 
Participants can answer on a 4-point scale from “Rarely / Never” to “Almost always / 
                                                     
8For further information on self-report measurements of impulsivity, see e.g. Cyders and Coskunpinar (2011) or Kirby and 
Finch (2010). 
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Always”. Example items are “I spend or charge more than I earn.” (motor), “I am a steady 
thinker” (attention) and “I am easily bored when solving thought problems” (non-planning). 
2.2.5 Research on Impulsivity in BPD 
Studies using self-report measurements of impulsivity have consistently reported 
higher self-reported levels in BPD, regardless of the instrument used (Bornovalova, 
Lejuez, Daughters, Rosenthal, & Lynch, 2005; Fossati et al., 2004; Henry et al., 2001; for 
a review, see Rosenthal et al., 2008). Unlike differential psychologists, cognitive scientists 
tend to emphasize performance components of impulsivity. Therefore, tasks are 
employed that include possible manipulation mechanisms, which allow for comparisons 
between conditions and groups.9 According to Stahl et al. (2014), the following domains 
are distinguishable (examples for experimental designs are given in parentheses): 
       i.   stimulus interference (Stroop paradigm [MacLeod, 1991]) 
       ii.  proactive interference (recent probes task [Monsell, 1978] or directed forgetting       
 task [MacLeod, 1998]) 
      iii.  response interference (response priming / task-switching paradigms [Klauer,  
 Musch & Eder, 2005]) 
      iv.  behavioral inhibition (Stop-signal- and Go/No-Go tasks [Aron, 2011; Garavan, 
 Ross, & Stein, 1999; Swick, Ashley, & Turken, 2011]) 
      v.   information sampling (response (decision) criterion [Kagan, 1966; Bechara, 2005]) 
      vi.  motivational impulsivity (delay of gratification [Mischel, Shoda, & Rodriguez, 1989]  
 via delay discounting paradigms [the preference for smaller immediate rewards  
 over larger delayed rewards; Ainslie, 1975; Dalley, Everitt, & Robbins, 2011;  
 Mischel et al., 2011]) 
Yet, results from neurocognitive studies in BPD are highly mixed, partly revealing 
impairments in response inhibition, difficulties in feedback-guided decision-making, as 
well as the propensity to make disadvantageous, risky choices and a stronger tendency to 
delay discounting (Haaland & Landrø, 2007; Mak & Lam, 2013; Rentrop et al., 2008; 
Schuermann et al., 2011; Svaldi et al., 2012). Other studies, however, did not clearly 
                                                     
9 For further information and details, please see Friedman and Miyake (2004), Harnishfeger (1995), Hasher, Lustig, and 
Zacks (2007), and Nigg (2000). 
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objectify differences (Dinn et al. 2004; Jacob et al., 2010; Kunert, Druecke, Sass, & 
Herpertz, 2003; McCloskey et al. 2009; Sprock et al., 2000; Völker et al. 2009), for 
example, in decisional impulse control impairments.10 Inconsistencies may be due to the 
diversity of task designs, all trying to capture the multidimensionality of impulsivity. 
Moreover, differences in sample characteristics (frequently found due to the striking 
heterogeneity of BPD), methodology (e.g. verbal vs. visual presentations), co-morbidities 
such as major depressive disorder (MDD), ADHD or SUD (Lampe et al., 2007; Maraz et 
al., 2016; Stanely & Wilson, 2006), medication or current mood at time of experiment play 
a crucial role on interpreting the data (Sebastian et al. 2013).  
However, the discrepancy between the clinical representation of impulsivity in 
BPD (see section 2.2.3) and the relative lack of evidence from laboratory research has 
been recognized for more than a decade now (Hochhausen, Lorenz, & Newman, 2002). 
To date, only few neuroimaging studies have investigated disturbed impulse control in 
patients with BPD, and most of these studies have focused on the emotional modulation; 
emotionally neutral experimental settings yielded weak and inconsistent results (Jacob et 
al., 2013; Silbersweig et al., 2007, Wingenfeld et al., 2009; for overviews see Sebastian et 
al., 2013, 2014; van Zutphen, Siep, Jacob, Goebel & Arntz, 2015).  
So when interpreting scientific results on impulsivity in BPD, one has to consider:  
       i.   Is observed hyper- or hypoactivation caused by disturbed emotion processing or is  
  it a direct result of impulse control deficits?  
       ii.   Is activity potentially covered by negative emotionality?  
       iii.  Are impulsive behaviors in BPD distinguishable in “hot” (involving affective and/or   
            motivational aspects) vs. “cold” (emotionally neutral impulse control) components,  
       iv.  Are they fundamentally influenced by co-morbid disorders like ADHD, MDD or       
            SUD?11 
Taken together, findings on impulsivity in BPD are consistent regarding self-report, 
ambiguous when using neurocognitive and –physiological measurements (Rosenthal et 
al., 2008, Sebastian et al., 2014), and in particular dependent on the presence (or 
                                                     
10 These can be measured for example via the Wisconsin Card Sorting Test or the Tower of London task (Nigg, Silk, Stavro, 
& Miller, 2005), or the aforementioned Go/No-Go task (Jacob et al, 2013; van Eijk et al., 2015; Ruchsow et al., 2008). 
11 For findings on influences of co-morbidites in BPD, see e.g. Krause-Utz, Winter, Niedtfeld, and Schmahl (2014), Wilson, 
Fertuck, Kwitel, Stanley, and Stanley (2006) and Bornovalova et al. (2005) 
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absence) of a negative emotional state. This is relevant in the context of my study, as we 
used a neurobiological marker (BOLD-signal) as parameter for reward processing, which 
is known to be related to facets from cognitive measurements on impulsivity (Beck et al., 
2009; Plichta & Scheres, 2014), plus an emotional, task-irrelevant distractor (fearful 
faces). 
2.3 Problems in Interpersonal Relationships 
Appropriate and successful social interaction requires the exchange of information 
between individuals, for example via verbal, mimic or gestural signals. The corresponding 
processes of sending, encoding, or attributing can be unintentional and unconscious. 
Sharing of particular affective states may allow for the prediction and understanding of 
feelings, motivations, thoughts and behavior (Bernhardt & Singer, 2012; Brothers, 1990; 
Davis, 1994; Frith & Frith, 2007). 
2.3.1 Social Cognition, Empathy and the Theory of Mind 
I will start with the definition of two strongly related, yet meaningfully 
distinguishable constructs when regarding the umbrella term social cognition: Empathy 
and the Theory of Mind (ToM). According to Walter (2012), 
  
Affective empathy is characterized by […] an affective state that is […] 
elicited by the perceived, imagined, or inferred state of the affective 
state of another […] and includes at least some cognitive appreciation 
of the other’s affective state […]. Cognitive empathy refers to the ability 
to understand the feelings of others without necessarily implying that 
the empathizer is in an affective state himself […] [and] very closely 
related to theory of mind (ToM) […] [which] refers to the ability to 
represent and understand the mental states of others in general. 
Mental states include beliefs, desires, or intentions but also emotions 
and affective states. Mentalizing about affective states of others is 
therefore called affective theory of mind […].  
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For my study, I used a conceptual framework, based on Walter’s description, that 
can be built as follows:12 
2.3.2 An Extract of ToM’s History  
First interest in ToM came from primate research by Premack and Woodruff 
(1978) on chimpanzees. “Does the Chimpanzee have a Theory of Mind?” is a seminal 
publication, arguing that the ability to ascribe oneself and others a mental state requires 
cognitive theoretical concepts, especially as mental states are not directly observable 
(Premack & Woodruff, 1978). Some researchers argued that Sarah, the investigated 
chimpanzee, could have given answers only by having representations of a problematic 
situation, without asking how the individual from its perspective sees the world itself. 
Developmental psychologists later introduced false-belief-designs, i.e. reasoning about 
another person’s mental states, such as beliefs, desires, intentions, thoughts, and 
knowledge, that are diverging from one’s own. Wimmer and Perner set up a series of 
seminal experimental tests (False Belief Tasks) and could show that children from 3-4 
years on are able to attribute a false belief to someone else (Wimmer & Perner, 1983). In 
1985, Baron-Cohen and coworkers used a modified version, the Sally Anne Tasks 
(Baron-Cohen, Leslie, & Frith, 1985), to show that children with Autism spectrum disorder 
(ASD) have problems in assigning false, but comprehensible beliefs to others. Happé 
(1994) provided a set of 24 short stories (Strange Stories Task), including concepts like 
jokes, irony, white lies, or double bluffs. Successful performance requires the attribution of 
mental states such as beliefs or intentions, and furthermore second-order false belief 
                                                     
12For broader information, e.g. on theory-theory or simulation-theory of ToM, and discussions, please see Batson (2009), 
Dvash and Shamay-Tsoory (2014), Goldman (2012), Preston and de Waal (2002) and Shamay-Tsoory and Aharon-Peretz 
(2007) 
i) affective empathy  
ii) cognitive empathy ≈ mentalizing about affective states ≈ affective theory of mind  
iii) cognitive theory of mind ≈ mentalizing about cognitive states 
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skills. Second-order false belief tasks are defined by sequentially understanding what two 
people think, thereby making assumptions about assumptions.13 
A different approach to empathy and ToM came up with attempts to implement 
real-life stimuli and non-verbal communication, like in the Reading the Mind in the Eyes 
Test (RMET; Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997). This experiment 
presents 36 still picture of eye regions illustrating emotionally charged or neutral mental 
states, which shall be matched with one out of four semantic mental state words (e.g. 
interested, hostile). It is assumed that this involves an unconscious, automatic and rapid 
matching of past memories concerning similar expressions (Baron-Cohen, Wheelwright, 
Hill, Raste, & Plumb, 2001). Critics argue that due to the absence of contextual 
information and judgements done only on the basis of facial expressions, the RMET is 
rather an emotion- or social cue recognition test. This idea is supported by comparisons 
with behavioral performance in other ToM tasks that have yielded poor correlations 
(Achim, Guitton, Jackson, Boutin, & Monetta, 2013; Ahmed & Miller, 2011).  
A next step in the improvement of experimental designs was taken with the 
challenge of high ecological validity. This term refers to the extent to which an experiment 
resembles the real-life settings it intends to reflect. In other words: the higher the 
ecological validity of a task is, the closer the observed behaviors of an individual in a 
study reflect the behaviors that actually occurs in natural settings (Schmuckler, 2001). 
The Awkward Moment Test (Heavey, Phillips, Baron-Cohen, & Rutter, 2000) consists of 
eight film excerpts from television commercials, showing characters in socially awkward 
situations. In addition to facial expression recognition, subjects have to consider false 
beliefs about a social situation or the significance for subsequent actions. The Movie for 
the Assessment of Social Cognition (MASC; Dziobek et al., 2006) is a 15 min video-based 
stimulus set, showing four main characters getting together for a dinner party. The movie 
is paused 46 times, and questions concerning the characters’ feelings, thoughts, and 
intentions are asked, most likely reflecting a measurement for cognitive empathy. The 
                                                     
13 First-order false belief task example: Two dolls, Sally and Anne, are introduced to children. Sally first places a marble 
into her basket, but when she leaves the scene, Anne hides the marble in her box. The experimenter asks the critical Belief 
Question when the doll comes back: “Where will Sally look for her marble?”. For second-order false belief task adaption, 
the information that Sally secretly watched Anne while transferring the marble could potentially be added. The question now 
would be: “When Sally comes back, what will Anne think that Sally will believe where the marble is?”. 
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MASC is of high ecological validity as it constitutes a good reflection of daily life social 
interaction, but the small number of protagonists, the unchanging location and varying 
lengths of scenes limit the application. The Multifaceted Empathy Test (MET; Dziobek et 
al., 2008) was generated as a photo-based stimulus set, showing realistic pictures of 
human beings in emotionally loaded situations. The experimental stimuli and design 
allows for the simultaneous measurement of cognitive and affective empathy 
considerations. Furthermore, the MET requires less abilities on abstraction and 
introspection from participants and a diminished likelihood of socially desired answers. 
Task questions have explicit (rating of empathic concern) and implicit (arousal rating as 
proxy for empathic concern) components. Schnell and colleagues (2010) established a 
paradigm to induce cognitive empathy in the absence of primary implicit affective 
processing. A set of comic stories, usable as false-belief tasks, is free of direct signs 
about the affective states of the actors by the extinction of expressive facial elements like 
mouth and eyebrows. Questions on 1st and 3rd-person-perspective are applicable on this 
stimulus set (Schnell, Bluschke, Konradt, & Walter, 2010).14  
2.3.3 Results from Neuroimaging Research on Theory of Mind  
In a seminal study on ToM, Fletcher and colleagues used a story comprehension 
paradigm that asked for mental state attributions compared to physical stories and 
unlinked sentences (Fletcher et al., 1995). Both story conditions, when compared to the 
unlinked sentences, showed activation in the bilateral temporal pole junction (TPJ), the 
left STG and the PCC. Comparison of the ToM stories with “physical” stories revealed a 
specific pattern of activation associated with mental state attribution, namely in the 
dmPFC (BA8), and the PCC. A meta-analysis by Gallagher and Frith (2003) revealed the 
dmPFC (representing mental states, and thereby not being part of the physical world’s 
status quo), bilateral temporal lobe and superior temporal sulcus (STS) as being 
consistently part of a ToM-network (Gallagher & Frith, 2003). Saxe and Kanwisher (2003) 
highlight the role of the precuneus and especially of the TPJ. In particular, the TPJ did not 
respond to false representations in non-social control stories. BOLD response in the TPJ 
                                                     
14 For overviews about further well-established tasks on social cognition, emotion recognition, mentalizing and ToM, please 
see Achim et al. (2013), Schurz, Radua, Aichhorn, Richlan, & Perner (2014), Amodio and Frith (2006) and Mar (2011). 
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was bilaterally higher when subjects read stories about a character’s mental states 
compared with stories that described people in physical detail, and this in turn did not 
differ from stories about nonhuman objects (Saxe & Kanwisher, 2003). Saxe and Wexler 
later postulate, the right TPJ might play a more important role within the ToM network 
than the mPFC (Saxe & Wexler, 2005).  
2.3.4 Empathy and Theory of Mind in BPD  
Gunderson (2007) argues for a greater focus on interpersonal dysfunction in 
understanding Borderline personality disorder, saying that this "offers the best 
discriminators for the diagnosis". Mood shifts and self-destructive behaviors in BPD often 
occur in response to interpersonal triggers (Gunderson, 2007). Patients oftentimes have 
dysfunctional cognitive beliefs about themselves, their environments and behavioral 
possibilities (Bhar, Brown, & Beck, 2008). They differ in their way of experiencing certain 
social, especially emotional stimuli (Domes et al., 2009; Preissler, Dziobek, Ritter, 
Heekeren, & Roepke, 2010), thereby incorrectly inferring mental states and reacting 
inappropriately. Symptoms of BPD further include repetitive suicidal behavior, self-injury, 
and increased emotional reactivity (Lieb et al., 2004), all of which manifest themselves in 
an interpersonal context (Renneberg et al., 2012; Staebler et al., 2011). This pattern of 
features suggests basal impairments in the perception, processing, and appraisal of 
social signals (Gunderson & Lyons-Ruth, 2008). As aberrant social cognition is possibly 
one of the most important factors contributing to difficulties in interpersonal interactions, 
research on accurate perception and appraisal of mental states may be a key to the 
understanding of impaired abilities.  
Yet, underlying mechanisms are not clear. Divergent findings have been reported 
in studies focusing on social interactions skills in BPD (Roepke, Vater, Preissler, 
Heekeren & Dziobek, 2012). Studies using the Interpersonal Reactivity Index (IRI15) 
revealed impairments in perspective taking (Guttmann & Laporte, 2000; Harari, Shamay-
Tsoory, Ravid, & Levkovitz, 2010; New et al., 2012), supported by experiments using the 
                                                     
15 The Interpersonal Reactivity Index (IRI) is a 28-item instrument that measures emotional and cognitive components of a 
person's general capacity for empathy with four scales: Perspective Taking (PT), Empathic Concern (EC), Personal 
Distress (PD), and (d) Fantasy (FS) (Davis, 1983) 
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MASC, which identified further impairments in BPD regarding the recognition of feelings, 
thoughts, and intentions of movie characters (Preissler et al., 2010). More indicators for a 
negativity bias come from experiments on reduced facial expressiveness while watching 
emotional movies (Renneberg, Heyn, Gebhard, & Bachmann, 2005) or the encoding of 
new information (Korfine & Hooley, 2000).  
On the other hand, it seems to be unclear if BPD patients show less accuracy in 
emotion recognition – like in the detection of facial expressions, in particular when 
ambiguous – or if it is just a matter of correct labelling. (Levine, Marziali, & Hood, 1997; 
Minzenberg, Poole, & Vinogradov, 2006; Wagner & Linehan, 1999; for an overview, see 
Domes et al., 2009). For example, some research groups focus on “borderline empathy”, 
an increased sensitivity to the understanding of the concerns of others (Frank & Hoffman, 
1986; Ladisisch & Feil, 1988; Dinsdale & Crespi, 2013). Results of the RMET also 
indicate that BPD patients do not lack pure emotion recognition, but even show enhanced 
sensitivity to the mental states of others (Arntz, Bernstein, Oorschot, & Schobre, 2009; 
Fertuck et al., 2009).  
Regarding imaging results for BPD, to date only few functional imaging studies 
have explicitly investigated the neural correlates of empathy and ToM, and rather focused 
on emotion recognition. Herpertz and coworkers used negative emotional pictures 
(Herpertz et al., 2001), other groups investigated the perception of emotional faces 
(Donegan et al., 2003; Minzenberg et al., 2007) or used personalized scripts of traumatic 
events (Schmahl et al., 2004). Results from the MET revealed reduced activation in the 
posterior STS and abnormal insula-activations in BPD during tasks concerning cognitive 
and emotional empathy (Dziobek et al., 2011), furthermore revealing the important role of 
co-morbid PTSD, symptom severity and the influence of situational complexity and one’s 
own emotional state (for a review, see Roepke et al., 2012).  
The need for stimulus material of high ecological validity, applicable to the 
experimental assessment (e.g. with fMRI or EEG) of different types of ToM- and empathy-
related constructs (i.e. affective empathy, affective ToM [≈ cognitive empathy] and 
cognitive ToM [Walter, 2012; cf. 2.3.1.]) led us to the development of the ToMenovela. 
Study 3 introduces our picture set of eight fictional characters, each of which has a 
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distinct personality, social and educational background and specified relationships to the 
other characters. The stimulus set consists of 190 scenes of high ecological validity, 
depicting two or more of the main characters in daily-life situations, allowing to distinguish 
between 1st-person and 3rd-person perspectives, valence and arousal ratings and the use 
of control questions.  
Due to its composition, the ToMenovela permits for a very broad range of mental 
states to be tested, including traditional theory of mind concepts (see appendix [6.8] for 
use cases). By correlating subcomponents such as certain behavioral measurements with 
neural activities (as we have done in study 1 and 2 for trait anxiety and trait impulsivity 
respectively), researchers applying this stimulus set will be in a good position to contribute 
towards identifying the brain underpinnings of social cognitive impairments.  
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3 The Experiments 
3.1 Rationales, Hypothesis, and Aims  
The overall research aim of my studies was to elucidate key symptoms of the 
complex Borderline personality disorder, as there recently have been ambiguous or 
missing findings from the literature (see chapter 3). This was done via two approaches:  
 Phase-I: Neuroimaging 
Firstly, I wanted to precisely investigate the possible relationship of trait anxiety 
and neural attentional processes (study 1) and the impact of trait impulsivity on ventral 
striatal reward processing (study 2). We therefore used fMRI, a non-invasive method to 
indirectly assess brain activation by measuring the blood-oxygenation-level-dependency 
(BOLD) signal.16  
In study 1, I focused on the relationship of trait anxiety and basal attentional 
processes. As affective instability is a crucial component of BPD symptomatology, intense 
research on emotion regulation, in particular fear, has produced divergent findings 
(Ruocco et al., 2013 vs. Schulze et al., 2016). We hypothesized that, in an attention-
demanding flanker task with task-irrelevant emotional distractors, patients would exhibit 
aberrant neural activation in the amygdala and in prefrontal areas. Furthermore, we 
expected that performance (as measured via reaction times and accuracy rates) as well 
as brain activation would correlate with self-reported levels of anxiety as measured with 
the STAI.  
In study 2, I investigated the relationship of self-reported impulsivity, measured 
with the BIS-11, and the anticipation and feedback of rewarding and punishing stimuli 
(here: monetary incentives). Based on previous research, we hypothesized that patients 
would exhibit reduced reward anticipation responses in the VS/NAcc. Furthermore, we 
expected significantly higher levels of self-reported impulsivity in BPD. Due to patients’ 
pronounced impulsive behavior without adequately regarding possible negative 
outcomes, we additionally expected that ventral striatal reward or loss anticipation would 
correlate with self-reported impulsivity in BPD patients. However, given the ambiguous 
                                                     
16For detailed information on the method, as well as on problematic assumptions and limitations of fMRI studies, see 
Coltheart (2006), Henson (2006), Huettel, Song, and McCarthy (2009), Logothesis (2008), Poldrack, Mumford, and Nichols 
(2011), and Eklund, Nichols, and Knutsson (2016). 
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results of previous studies and the lack of clear designs on the correlation of trait 
impulsivity and abnormalities in the neural rewarding system, we made no directional 
hypothesis. 
 Phase-II: The ToMenovela 
Secondly, I wanted to take recent changes of the DSM-5 (APA, 2013) into 
account, as it highlights empathy as a feature of impairment in interpersonal relationships 
in BPD. However, there was a lack of paradigms with high ecological validity for the 
application in behavioral and imaging research in clinical populations like BPD. As 
described in section 2.3, advanced research on empathy and ToM needs suitable 
paradigms for appropriate investigation of the subtle subdomains, with naturalistic and 
ecologically valid stimulus material. BPD patients suffer from patterns of unstable 
interpersonal relationships; thereby, a stimulus set of believable characters with stable 
traits would initially simulate an idealized framework of real life situations and the 
correlated impairments. This could later be modulated by enriching the story with the 
respectively intended information. Material should be designed to allow for the 
investigation of 1st and 3rd person perspective, just like affective and cognitive ToM plus 
an emotional valence rating. Furthermore, it should be applicable for event-related fMRI 
and EEG studies to further investigate neural activity during social cognition. Therefore, 
study 3 introduces the ToMenovela, a new stimulus set generated for the investigation of 
self- and other-referential emotional and cognitive ToM skills. This is the first publication 
on this picture set with normative data of a cohort of 61 healthy controls (30 women, 31 
men). Gold standards and results of expert ratings are in preparation for following 
publications. 
3.2 Phase I: Neuroimaging 
3.2.1 Study 1: Trait Anxiety and the Interaction of Attention and Emotional 
Salience  
Background: BPD symptomatology is crucially dominated by affective instability. 
(Lieb et al., 2004; Paris, 2005). The underlying mechanism might stem from a 
dysfunctioning in emotion regulation, coming from a neural dysregulation in fronto-limbic 
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networks (cf. section 2.1.4.). Studies have frequently reported dysregulation in BPD, 
especially an increased reactivity of its subcortical components, indexed for example by 
heightened amygdala activation in response to socially relevant negative emotional 
stimuli, especially fearful facial expressions (Donegan et al., 2003; Herpertz et al., 2001; 
Koenigsberg et al., 2009; Minzenberg et al., 2007). We first hypothesized that these 
neural signatures of emotional interference in the context of fearful vs. neutral distractors 
(faces) would be impaired in such areas, and second might be correlated with individual 
levels of trait anxiety, assessed by the State-Trait Anxiety Inventory (STAI; Spielberger et 
al., 1970). 
Methods: 16 female BPD patients and 24 carefully matched controls with respect 
to age, smoking status and intelligence, participated in the study. At the time of 
participation, all patients had been without psychotropic medication for at least two weeks. 
Exclusion criteria were history of major psychoses, acute suicidal tendency, lifetime 
diagnosis of ADHD, illicit substance use disorder (SUD) within six months prior to 
participation or alcohol abuse at the time of study. Measures for anxiety (STAI) and BPD 
symptomatology (Borderline Symptom List, BSL17) are presented in Table 1. 
Table 1. Participant characteristics: Psychometric measures for STAI and BSL sum scores. 
 
Participants underwent fMRI scanning while performing a modified version of the 
Eriksen Flanker Task (Eriksen & Eriksen, 1974) with task-irrelevant emotional and neutral 
distractors (Richter et al., 2011; for trial sequence, see Figure 1). The flanker stimulus 
consisted of a central arrowhead, pointing either to the right or left, flanked by four 
surrounding arrowheads, pointing either in the same (congruent condition) or opposite 
direction (incongruent condition) of the central arrowhead.  
                                                     
17 The Borderline Symptom List (BSL) is a standardized self-report questionnaire for the quantification of symptoms and the 
respective severity, typical for patients suffering from BPD. It is composed of seven subscales, comprising (1) self-
perception, (2) affect regulation, (3) self-destruction, (4) dysphoria, (5) loneliness, (6) intrusion, and (7) hostility (Bohus, 
Limberger, Sender, Gratwohl, & Stieglitz, 2001). 
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Figure 1. Trial structure of the flanker experiment with neutral (left) and emotional (right) task-irrelevant 
distractors. 
 
Results: Patients showed an atypical response pattern of the right amygdala with 
increased activation during emotional interference in the (difficult) incongruent condition, 
but emotion-related amygdala deactivation in the congruent condition (see Figure 2).  
Both groups showed activation in the incongruent condition in the dACC (see 
Figure 3 in publication 1 [Brain responses: effects of congruency]), however, patients 
exhibited an emotion-related activation in the rACC/mPFC as well as the dACC that was 




Figure 2. Brain responses: Effects of emotion and congruency in the right amygdala. Plots depict contrast 
estimates for the respective peak voxel (+/- 90 percent confidence intervals). 
Note. CE ≈ congruent emotional; IE ≈ incongruent emotional; CN ≈ congruent neutral; IN ≈ incongruent neutral 
 
Moreover, a negative relationship between dACC (and to a lesser extent 
rACC/mPFC) activity in the emotional incongruent condition and trait anxiety (STAI) in 
BPD was observed (see Figure 3 for dACC results18). 
                                                     
18 Figure 3 only presents the results for correlations of STAI and the dACC activation because they showed the most 
prominent between-group difference, and because of the important role of the dACC in attentional control (Botvinick, 
Cohen, & Carter, 2004; Bush, Luu, & Posner, 2000; Mohanty et al., 2007). Results for the rACC may be found in Figure 5 in 




Figure 3. Left panel: location of the dACC ROI. Middle and right panel: Activation in the dACC in the fearful 
condition for the contrast inc > cong for BPD (red) and HC (blue) respectively. 
Note. Solid lines represent regression lines, dashed lines 95% prediction bounds; inc ≈ incongruent condition; 
cong ≈ congruent condition. 
Discussion: As both groups show activation in the dACC without substantial 
difference during incongruent flanker trials, irrespective of the emotionality of the 
distracter, our results do not support the notion that cognitive mechanisms related to 
attention and conflict processing are fundamentally disturbed in BPD (Posner et al., 
2002). Instead, we observed alterations in more confined sub-processes of emotional 
interference on cognitive conflict processing, namely comparable activation pattern in the 
left amygdala, but discriminating neural responses in the right amygdala. Patients showed 
diminished activation of this part in response to the congruent and emotional condition, 
but increased activation in the difficult and emotional condition, both in contrast to controls 
(see Figure 219). Meta-analyses suggest that the left and right amygdalae differ in the 
temporal dynamics of their responses to emotionally salient stimuli (Sergerie, Chochol, & 
Armony, 2008); the left amygdala is generally recruited more frequently whereas the right 
amygdala appears to be more sensitive to subliminally presented emotional stimuli 
(Costafreda, Brammer, David, & Fu, 2008; Morris, Ohman, & Dolan, 1999). This might 
suggest that in HC a right, potentially automatic, amygdala response can be suppressed 
by a demanding cognitive task. In BPD, however, this suppression of the amygdala 
response might require additional neurocognitive resources and therefore be impaired 
during performance of demanding tasks (Ruocco et al., 2013). This atypical response of 
the right amygdala might therefore be related to an increased implicit processing of 
irrelevant negative emotional information. 
                                                     
19 Note: there was no significant effect in the congruency by group interaction. 
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As there were no significant differences in reaction times and accuracy between 
the groups20, patients seem to be able to compensate behaviorally for the amygdala 
dysfunctioning (cf. Sprock et al., 2000; Völker et al., 2009), possibly by enhanced 
recruitment of ACC structures involved in emotion regulation.  
In addition, correlations of self-reported trait anxiety (STAI scores) and regions of 
the ACC revealed a significant negative relationship between anxiety and ACC activation 
in BPD in the difficult and fearful condition, but not in the HC group (see Figure 3 for 
dACC results), which is in contrast to recent findings (Minzenberg et al., 2007; Wingenfeld 
et al., 2009). Patients’ ability to recruit ACC regions in situations requiring a higher focus 
of attention thus seems to be affected in a negative way by their individual, self-reported 
degree of trait anxiety. Accordingly, our results indicate a disease-specific modulatory 
effect of trait anxiety on ACC function in BPD. Anxiety might hence be an important factor 
determining the vulnerability of cognitive processing to emotional interference in BPD 
patients.  
3.2.2 Study 2: Trait Impulsivity and the Anticipation of Reward and Loss  
Background: Impulsivity is typically considered a key symptom in BPD (cf. chapter 
1), however it is a multifaceted construct of broad definition (cf. chapter 2). Results from 
self-report measurements are convergent with significantly higher scores across a 
multitude of respective instruments in BPD compared to HC subjects, whereas 
neurocognitive and –imaging results are highly mixed (see section 2.2.5. and Herbort et 
al. (2016) for further information and references). Notwithstanding, the majority of imaging 
studies report a neuroanatomical link with positive correlation between self-reported 
impulsivity and VS response to reward in the mesolimbic reward system and its core 
structure, the NAcc (Knutson, Fong, Adams, Varner, & Hommer, 2001; Schott et al., 
2008). Pathological impulsivity, like in alcohol dependency or ADHD, on the other hand, is 
                                                     
20 We observed a significant main effect of congruency and of emotion, as well as a significant congruency by emotion 
interaction Neither the group main effect nor the emotion by group, congruency by group nor the three-way interaction 
reached significance. These results indicate the occurrence of a behavioral conflict effect as well as a differential effect of 
emotion on the processing of congruent and incongruent flanker stimuli, which did not differ significantly between the BPD 
and control group. Regarding accuracy rates, only the main effect of congruency yielded significance. For further 
discussion, please see Herbort et al., 2013, in particular Table 2: Mean response times (RT) and accuracy in the four 
conditions of interest (congruency x emotion) in the Borderline (BPD) and the control group (HC). 
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associated with reduced VS activation during reward anticipation and feedback 
processing (Beck et al., 2009; Plichta & Scheres, 2014).  
So far, no study has assessed the relationship of ventral striatal reward processing 
and trait impulsivity in BPD. To fill this gap, we conducted a monetary incentive delay 
(MID) paradigm with Borderline patients, especially considering that gain and loss 
processing might be differentially associated with impulsivity. We hypothesized that 
patients would show significantly higher levels of self-reported impulsivity compared to a 
carefully matched control group, and that they would exhibit reduced reward anticipation 
responses in the NAcc. Furthermore, striatal gain or loss anticipation would correlate with 
impulsivity. However, due to previous studies in different psychiatric cohorts with 
ambiguous results in the relationship of impulsivity and mesolimbic reward processing 
(Beck et al., 2009; Forbes et al., 2009; Pujara, Motzkin, Newman, Kiehl, & Koenigs, 2014; 
Sebastian et al., 2013), no directional prediction was given. 
Table 2. Participant characteristics: Psychometric measures for BIS-11 and BSL sum scores. 
 
Methods: 21 female BPD patients and 23 matched controls with respect to age, 
smoking status and intelligence participated in the study. Participants were from the same 
cohort as for study 1. In- and exclusion criteria and scanning procedures were identical. 
We used a categorical version of the MID task (Knutson et al., 2001; Wittmann et 
al., 2005; Figure 4). Each trial started with a cue picture (three categories, indicating gain, 
loss, or neutral outcome, respectively). After a variable delay, participants had to respond 
to a target number and indicate via button press whether the number was larger or 
smaller than 5. After a further variable delay, positive, negative, or neutral feedback was 
given, depending upon subjects’ response accuracy and speed. 
Results: We observed widespread activations (ventral and dorsal striatum, dACC, 
supplementary motor area, thalamus; see Supplementary Figure S1 and S2 in publication 
2) across both groups during gain and loss.  
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Figure 4. Trial structure of the reward experiment: three categories indicating gain, loss or a neutral outcome, 
followed by an arithmetical task and feedback ([high] gain, [high] loss, neutral). 
However, there was a relatively reduced activation of the VS during the 
anticipation of gain and loss in BPD patients compared to HC subjects (Figure 5). 
Analysis revealed a main effect for salience and group respectively, but a group-by-
motivation interaction contrast showed no significant activation clusters in the striatum.  
In line with the hypotheses, BPD patients exhibited higher self-reported impulsivity 
scores as measured with the BIS-11. Furthermore, positive correlations between 
anticipation responses in the VS to both gains and losses and BIS-11 sum scores in HC 
were revealed, while patients showed no significant correlation of striatal gain anticipation 
 
 
Figure 5. Effect of anticipation: Maximum of the ventral striatum, inclusively masked with the positive effect of 
motivational salience.  
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and impulsivity. In fact, a diagnosis-specific negative correlation between striatal 
loss anticipation responses and BIS-11 scores was observed (Figure 6).21  
 
Figure 6. Correlation of striatal loss anticipation responses (VS) and levels of impulsivity (BIS-11 sum score) 
Note. For correlation analysis, Shepard’s Pi correlations were used as they have recently been proposed to 
improve robustness of brain-behavior correlations (Schwarzkopf, De Haas, & Rees, 2012); π ≈ Shepard’s Pi 
correlation coefficient 
Discussion: In line with previous results, HC subjects showed positive activations 
of VS response to reward (gains and losses; Figure 5), whereas BPD patients showed 
reduced activation of the VS/NAcc during the anticipation of gain and loss, respectively. 
This pattern is known from other psychiatric populations like alcohol dependency or 
ADHD (Beck et al, 2009; Plichta & Scherer, 2014), but intuitively seems in contrast to the 
clinical observation of heightened sensation-seeking in those populations. Our findings 
may possibly demonstrate the provocation of reward-seeking behavior as a compensatory 
mechanism to a deficient mesolimbic reward system. Another explanation might be of 
pathophysiological nature, as emotional dysregulation, an incontrovertible core feature in 
BPD, might result from a disturbed endogenous opioid system (Prossin, Love, Koeppe, 
Zubieta, & Silk, 2010). The opioid system interacts with the dopamine system in motivated 
behavior, and might thus, for example, be (unconsciously) stimulated by impulsive 
behavior, which in turn modulates the dopaminergic reward system (Herz, 1998).  
Only few studies have investigated striatal reward processing in general in BPD, 
and none have focused on the relationship to impulsivity. Völlm et al. (2007) reported the 
                                                     
21 Regarding behavioral results, we observed a trend for a between-group difference in accuracy during neutral trials only 
and a further trend for an unequal distribution of accuracies in the patient group, most likely reflecting lower accuracy in the 
patient group during neutral trials. No further trends for within-group or between-group differences in accuracy rates were 
observed. For reaction times, we observed a significant main effect of condition, reflecting the shorter RTs in motivated, 
particularly rewarded, trials, and a trend for a condition by group interaction. For discussion, please see Herbort et al., 2016. 
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absence of prefrontal responses and reduced BOLD signal in the striatum and midbrain in 
the patient group during positive reinforcement, but no information regarding a potential 
relationship between impulsivity and gain or loss anticipation responses in the striatum 
are given. Moreover, they used a block-design, thereby not differentiating between 
anticipation and feedback, and even more importantly, investigated a rather small group 
(n=8) of only male cluster B patients. Hence, a comparison to our study is rather limited. 
Enzi et al. (2013) published data on reduced differentiation between gain versus neutral 
outcomes in the VS/NAcc and an emotion-related blunted reward anticipation response in 
the rACC, but no measurements of impulsivity were employed. Schuermann et al. (2011) 
showed that the propensity to make risky decisions might result from dysfunctional 
processing of positive and negative feedback in BPD patients, which may stand in line 
with our data. But in general, our results of positive correlations in VS activation during 
gain and the reciprocal pattern of loss activation with self-reported impulsivity differ 
strikingly from previous findings in other psychiatric patient populations.22 Comparable 
groups like patients with alcohol dependency or ADHD with typically elevated levels of 
impulsivity, consistently revealed negative correlations between VS/NAcc gain responses 
and self-reported increased impulsivity (Beck et al., 2009; Plichta & Scheres, 2014). 
We have shown that BPD patients who exhibited higher VS/NAcc responses to 
loss cues reported lower impulsivity. An explanation could be that in BPD patients, who 
typically have the propensity to make risky, potentially harmful choices (Svaldi et al., 
2012), those who describe themselves as less impulsive could be more receptive to 
negative reinforcement and therefore process avoidable losses in a similar way as 
potential gains. Possibly, the (interestingly) simultaneous presence of high harm 
avoidance (Fassino et al., 2009) and elevated impulsivity in BPD might compromise these 
patients’ capacity to cope with adverse consequences of their actions. This may cause 
higher emotional distress, leading to self-destructive behaviors, risky choices or risk 
taking without fear of negative outcomes (cf. section 2.2.3.). Our results thereby suggest 
                                                     
22 There is one other study, revealing a comparable pattern of negative correlation of striatal loss responses and 
psychopathic traits, measured with the PCL-R scores in individuals with high psychopathy scores (Pujara et al., 2014). PCL-
R is the Psychopathy Check List – Revised, PCL-R (Hare, 2003), an instrument for the assessment of two distinguishable, 
yet related factors of psychopathy, and factor 2 (impulsivity, boredom susceptibility, aggressiveness) is known to be 
associated with BPD. For further discussion on comparability to our results, please see Herbort et al. (2016). 
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that impulsivity might be the consequence of a reduced ability to predict aversive 
outcomes. 
Nevertheless, as outlined previously, (see section 2.2), the term “impulsivity” is a 
multifaceted, broad construct, and self-reported measures of impulsivity rarely correlate 
with neurocognitive and –imaging findings (Sebastian et al., 2013; Stahl et al., 2014). Our 
findings may therefore only partially be connected to aforementioned results on 
pathological impulsivity being linked to functional alterations in the mesolimbic reward 
system (Beck et al., 2009; Plichta & Scheres, 2014). In BPD, there might be two 
phenomena: A diagnosis-specific sensitivity to emotionally aversive events with 
heightened emotional reactivity, leading to impulsive actions (Brown et al., 2002; Crowell 
et al., 2009; Trull et al., 2008), and a trait impulsivity, as potentially measured with the 
BIS-11, that might reflect something common to several psychiatric disorders, like 
addiction or ADHD. Consequently, future research is highly needed, directed at the 
systematic comparative investigation of commonly used psychopathological entities like 
“impulsivity” across diagnostic groups. 
 
3.3 Phase II: Development of a new Stimulus Set 
3.3.1 Study 3: The ToMenovela 
Background and development: The broad construct of social cognition can be split 
into different subdomains, e.g. empathy, Theory of Mind or emotional recognition. Since 
the beginning of experimental research, a variety of paradigms have been applied, but to 
date none of them have thus far been applicable for simulating real-life social interactions 
with stimuli allowing the specific investigation of i) cognitive and ii) affective ToM, iii) 
emotional reactivity, and iv) complex emotion judgment with respect to Ekman’s basic 
emotions (happiness, sadness, anger, fear, surprise and disgust; Ekman & Friesen, 
1975). The ToMenovela as a photograph-based stimulus set with high ecological validity 
and a variety of emotional loaded scenes addresses these issues. It provides a picture set 
of eight fictional characters, each of which has a distinct personality, social and 
educational background and specified relationships to each other. The stimulus set 
consists of 190 scenes, depicting two or more of the main characters in daily-life 
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situations. The development of the stimulus set contained the creation of a fictional circle 
of friends (see Figure 10 in the appendix [6.5]) and the writing of a well-grounded script, 
depicting scenes of real life social interactions with a range of emotional content (based 
on Ekman’s basic emotions [happiness, sadness, anger, fear, surprise and disgust; 
Ekman & Friesen, 1975]) and situational settings. Subsequently, semi-professional actors, 
a director and a photographer were teamed up to shoot originally 193 scenes over a 
period of 10 weeks, followed by post processing of the initially 10 000 pictures. This initial 
process yielded 191 pictures for the subsequent evaluation study.  
Methods: The aim of the evaluation study was to provide a first set of normative 
data from a group of psychiatrically healthy individuals. We first employed a pre-
evaluation to five independent raters, who were naïve to the stimulus set (for details, see 
methods section in publication 3). 
Table 3. Theoretical framework for the experimental design of the ToMenovela-evaluation study. 
 
The evaluation of the final stimulus set of 191 pictures was performed using a 
computer-based psychometric procedure (see Figure 11 in the appendix for example 
scenes [6.6]). The experimental paradigm was designed with regard to the questions 
presented in Table 3. 
Sixty-one participants of the validation study (31 women, 30 men) filled out a wide-
ranging set of questionnaires, including a general health questionnaire and the Structured 
Clinical Interview for DSM-IV, Section II (SCID-II) screening questionnaire (for a selection 
of measurements, see Table 4). Exclusion criteria included insufficient knowledge of the 
German language, any present psychiatric diagnosis and the use of centrally acting 
medication.  
At least 7 days prior to the testings, participants were sent an eleven-page long 
exposé about the biographies and personalities of the eight fictional characters as well as 
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their relationships. To ensure that they familiarized themselves with the characters, they 
had to fill out a 44-item questionnaire (see 6.7 in the appendix) on the initial testing day. 
Table 4. Selection of psychometric measures of the study cohort. 
 
Note. ∅=mean; Σ= sum, PR = percentile rank; SD=standard deviations; BDI = Becks Depression Inventory; 
BSL = Borderline symptom list; STAI = State-Trait Anxiety Inventory; BIS = Barratt Impulsiveness Scale; AQ = 
Autism Spectrum Quotient= SPF = Saarbrücker Persönlichkeitsfragebogen ( z-value-scale (M=100, SD=10)); 
SPF-total: SPF empathy score; SPF-pt = SPF – subscale perspective taking 
The participants were then scheduled for two to three separate testing sessions, 
which were all timed to be completed within a week. Each session lasted from 2.5 to 3.5 
hours, depending on the participants’ individual choice of time for completion. Participants 
sat in front of a computer screen and were instructed to answer to the same block of six 
questions for each of the 191 pictures presented (see Figure 12 in the appendix [6.8]). 
The participants were told that the pictures were presented in no chronological order and 
should be rated independently from each other. On every picture, one person was 
assigned a small green “A” next to their head, and another one was assigned a blue “B”. 
The different instructions were presented in German language, and answers had 
to be given in either open text format, by clicking on checkboxes or by using a slider and 
then proceeded by pressing the Send button. Participants could pause the experiment at 
any time by clicking on the Leave button and continue the rating procedure later. 
Results: For demographic and psychometric measurements, there were no gender 
differences with respect to age, education, cognitive measures (LPS and MWT), 
depressive symptoms (BDI), trait anxiety (STAI), BPD symptoms (BSL), or levels of 
impulsivity (BIS-11). Autism- and empathy-related questionnaires revealed gender 
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differences in the expected directions: male participants, relative to female participants, 
had higher mean scores in the AQ, while in the SPF, male participants had lower scores 
on the subscales fantasy, empathic concern, personal distress, and the overall score, but 
no significant difference in perspective taking (see Table 4).  
As a result of the rating procedure, one image (#164) had to be excluded due to 
ambiguous interpretation of the content by the raters, leaving a total of 190 images in the 
stimulus set. Free-text ratings (description for the scenes and behavioral reactions) and 
the subjective impression of the main characters, which the participants were asked to 
give prior to the experiment, are not part of the current study and will be reported in future 
publications. 
Affective salience (“How much do you feel affected by the picture”) was 
measured via responding on a slider ranging from 0 to 100; the same method was used 
for the emotional valence rating for the six basic emotions defined by Ekman 
(happiness, anger, disgust, fear, sadness, surprise; Ekman & Friesen, 1975). Results are 
shown in Figure 7 and Figure 8 (for further statistics, please see publication 3 [Herbort et 
al., submitted]).  
 
Figure 7. Results on affective salience ratings. Box plots depict medians, 25 per cent quantiles and outliers. 
Post hoc univariate tests after a MANOVA revealed that gender effect could not be 
observed for disgust, but for all other emotions. Interaction effects reflecting gender 
differences in the rating of individual scenes were observed for anger, fear, and sadness, 
but not for happiness, disgust, and surprise. 
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Figure 8. Mean scores of emotional valence. Box plots depict medians, 25 per cent quantiles and outliers. 
Results for cognitive and affective ToM were computed via a simple measure of 
agreement (|∆AB+1|/|ΣAB+1|; Cut-Off for assigning a scene as being ambiguous was 1/3. 
For results, see, Table 5; for details, see publication 3 [Herbort et al., submitted]). 
Table 5. Total numbers and number of intersections (∪) for ambiguous rated pictures for cognitive and 
affective Theory of Mind.  
 
Discussion: Results of the psychographic measurements support our initial 
requirement to provide data for a healthy cohort of lay participants. So far, no experts like 
psychotherapists or people well versed in the Facial Action Coding System (FACS, 
Ekman & Friesen, 1978) have evaluated the pictures, thereby no gold-standard (e.g. 
“correct” answers or accuracy scores, resulting in possible performance comparisons of 
different groups) for salience and valence norms is available. 
The mean salience rating of approximately 30 (range: 10-60) seems rather 
moderate, but represents real life occurrences of emotional situations (especially when 
comparing number of pictures for happiness and disgust) and thereby shows the stimulus 
set in its whole to be of high ecological validity. Nevertheless, future researchers may use 
certain subsets for the assessment of distinct investigations of special emotions (or 
comparisons between emotions).  
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Men showing somewhat higher self-affective valence was surprising to us. These 
findings are at least partly in line with sex-difference results on the IAPS (Barke, Stahl, & 
Kröner-Herwig, 2012) but opposite to others (Grühn & Scheibe, 2008). The algorithm of 
calculating the median and range of the mean ratings seemed most reasonable as the 
distributions were strongly left-sided in most cases, but makes interpretation of results 
challenging. The mean over the mean ratings did not differ between the groups. A 
literature review revealed only very few ratings on emotional valence and arousal for other 
visual stimulus sets outside neuroimaging experiments (Klein et al., 2003; Wager & 
Ochsner, 2003; Wrase et al., 2003), therefore investigations of gender differences in the 
light of social cognition in daily social interaction should be addressed. 
Regarding the subsets of ambiguous scenes for 3rd-person ToM (Table 5), this is 
not unique to the present stimulus set, as rating studies of the well-established IAPS 
suggest that several pictures did not receive high ratings on the initially intended emotions 
in a normative rating procedure (Barke et al., 2012). Moreover, the implementation of a 
subset of ambiguous scenes may even be intended in order to vary cognitive load or task 
difficulty, in particular as it represents a human’s daily life. 
The ToMenovela overcomes the limitations of previous stimulus-sets such as a 
lack of emotional variety and possible use of non-social control tasks (MASC, Dziobek et 
al., 2006), artificial construction (MET, Dziobek et al., 2008) or missing facial expressions 
(cartoon-based task by Schnell et al., 2011). Yet, our limitations include the narrow ethnic 
background and small age range of the eight protagonists, which could be an advantage 
when testing probands typically investigated (Henrich, Heine, & Norenzayan, 2010) 
showing the same characteristics, but perhaps limiting the interpretation when using the 
stimulus set with a non-Western study population. Future researchers are explicitly asked 
to enlarge the stimulus set of appropriate material. Furthermore, as the set was designed 
to be comprehensible without verbal information, expansion in terms of spoken or written 
verbal content is possible. Nevertheless, every change of the hereby presented stimulus 
material will diminish the comparability with our normative data. For use cases with the 
present, evaluated stimulus set, please see 6.9 [Use cases for the ToMenovela] in the 
appendix.   
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4 Conclusions and Future Implications  
The aim of this dissertation was to contribute to a better understanding of two key 
symptoms of the Borderline personality disorder, anxiety and impulsivity, and their 
possible influences on neural attention and reward processing. Furthermore, I aimed to 
facilitate future research on a third core characteristic in BPD: impairments in 
interpersonal relationships. Thereby the ToMenovela was introduced, a new stimulus set 
for the assessment of social cognition. These rationales should serve the purpose of 
better capturing the underlying factors which might contribute to dysfunctional behavior, 
typically known in BPD (cf. section 1.1.2.). By deducting clinically relevant implications 
from our results, treatments could thereby benefit from such basic research findings, 
namely correlations between personality traits and their influence on neural, and, in 
particular, behavioral patterns.  
The apparent heterogeneity of BPD is striking. To achieve a clinical diagnosis, five 
of the nine DSM-IV-TR (APA, 2000) criteria are sufficient, which implies that patients are 
likely to exhibit one of 256 possible combinations. Sanislow et al. used factor analysis to 
examine the factor structure of the DSM-III-R criteria for BPD, and revealed three factors: 
disturbed relatedness (unstable relationships, identity disturbance, and chronic 
emptiness), behavioral dysregulation (impulsivity and suicidality/self-mutilatory behavior), 
and affective dysregulation (affective instability, inappropriate anger, and efforts to avoid 
abandonment; Sanislow, Grilo, & McGlashan, 2000). These factors were replicated in the 
Collaborative Longitudinal Personality Disorders Study (CLPS) with DSM-IV criteria, a 
study of a large sample (n=668) of patients (Sanislow et al., 2002). As this is thereby a 
reasonable framework for the investigated psychological condition, I will situate our 
results within this context.  
The results of study 1 indicate that cognitive mechanisms related to attention and 
conflict processing are not fundamentally disturbed in BPD, but that more confined sub-
processes show vulnerability to interference from aversive emotional information. We 
were able to show that patients exhibit an emotion-related activation in the ACC that was 
absent in the HC group, which suggests that BPD might have increased implicit 
processing of irrelevant negative emotional information. Moreover, the significant negative 
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relationship between trait anxiety and ACC activation indicates that the ability to recruit 
required neural resources in situations with a higher focus of attention is deeply affected 
in a negative way by individual, self-reported levels of anxiety. This observation of a 
disease-specific modulatory effect of trait anxiety on ACC function enlightens the affective 
dysregulation factor, including for example the frantic efforts to avoid abandonment. The 
individual’s ability to effectively moderate their subjective response to stress is related to a 
disturbed allocation of cognitive resources in situations requiring additional demands.  
Study 2 replicated previous findings on reduced activation in the neural reward 
system during the anticipation of gain. With our study, we were able to expand those 
results to the anticipation of avoidable losses. Even more importantly, we found a 
negative correlation between the anticipation of loss and individual levels of self-reported 
impulsivity. In other words: The higher the self-reported impulsivity, the lower the 
perception for avoidable punishment. Impulsivity thereby seems to be related to impaired 
anticipation of potential negative outcomes. With regard to the three-factor model, the 
factor behavioral dysregulation captures the most treatment-relevant symptomatic 
behavior of an individual with BPD, such as suicidality or self-mutilative behavior. Hence, 
our results may explicitly be taken into account when regarding treatment implications, for 
example the mindful practice, as it is incorporated in DBT (Lynch, Chapman, Rosenthal, 
Kuo, & Linehan, 2006; Lynch, Trost, Salsman, & Linehan, 2007). The striking observation 
of individual levels of trait impulsivity and their correlation to possibly life-threatening 
behavior may leverage cognitive and behavioral therapies.  
The factor disturbed relatedness includes the criteria of unstable relationships and 
identity disturbances. In particular, this is a deficit in the sense of self and an impaired 
ability to relate to others. These two features comprise intra- and interindividual problems. 
Study 3 presents a new stimulus set, the ToMenovela. We developed this collection of 
visual stimuli for the purpose of advanced assessment of the umbrella term social 
cognition, which includes the attribution of thoughts, beliefs, intentions, and feelings of 
oneself and others. The composition of our stimulus material allows for the investigation 
of subtle components, such as cognitive and affective ToM, 1st and 3rd person 
perspectives, and emotional reactivity. To date, no tool has been developed to be 
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applicable for the measurement of all of these features in one stimulus set and for 
different methods, like behavioral or imaging instruments. In particular, future publications 
will report the data on the free text ratings23 for, amongst others, situational understanding 
of social context or emotional reactivity, and expert ratings will deliver gold standards for 
performance measurements. We therefore propose a tool that contributes to the third 
factor of Sanislows’ model. With special regard to the changes in DSM-5, emphasizing 
specific pathological traits as crucial features for personality disorders (cf. appendix 6.1), 
the ToMenovela gives researchers an opportunity to study in-depth the intra- and 
interindividual facets of this third factor. 
Different research groups have found 1-, 2-, 3- and 4-dimensional structures of 
Borderline personality disorder (Andion et al., 2011; Giesen-Bloo, Wachters, Schouten, & 
Arntz, 2010; New, Triebwasser, & Charney, 2008). Nevertheless, the personality traits 
investigated in the present dissertation may be found and integrated in each model and 
their respectively outlined central components. For future clinical studies, as integrated in 
Sanislow’s three-factor model, the results of study 1 may be applied to medication plans 
to target anxiety as a component of the affective dysregulation factor. Cognitive 
behavioral therapy could possibly take results from study 2 on individual levels of 
impulsivity into account by targeting in particular the behavioral dysregulation factor. 
Study 3 serves as a possible starting point for further research on the factor disturbed 




                                                     
23 (“Describe the scene in your own words” [semantic description] and “What would you do if you were to enter the scene” [behavioral reaction]; cf. Figure 12 in the appendix [6.8]) 
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Note. This displays the BIS-10 questionnaire, as completed by the study participants. For score calculations, 
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6.8 Figure 12: Trial structure for the ToMenovela evaluation study 
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Previous studies of cognitive alterations in borderline personality disorder (BPD) have
yielded conflicting results. Given that a core feature of BPD is affective instability, which is
characterized by emotional hyperreactivity and deficits in emotion regulation, it seems
conceivable that short-lasting emotional distress might exert temporary detrimental
effects on cognitive performance. Here we used functional magnetic resonance
imaging (fMRI) to investigate how task-irrelevant emotional stimuli (fearful faces)
affect performance and fronto-limbic neural activity patterns during attention-demanding
cognitive processing in 16 female, unmedicated BPD patients relative to 24 age-matched
healthy controls. In a modified flanker task, emotionally negative, socially salient pictures
(fearful vs. neutral faces) were presented as distracters in the background. Patients, but
not controls, showed an atypical response pattern of the right amygdala with increased
activation during emotional interference in the (difficult) incongruent flanker condition, but
emotion-related amygdala deactivation in the congruent condition. A direct comparison
of the emotional conditions between the two groups revealed that the strongest
diagnosis-related differences could be observed in the dorsal and, to a lesser extent, also
in the rostral anterior cingulate cortex (dACC, rACC) where patients exhibited an increased
neural response to emotional relative to neutral distracters. Moreover, in the incongruent
condition, both the dACC and rACC fMRI responses during emotional interference were
negatively correlated with trait anxiety in the patients, but not in the healthy controls.
As higher trait anxiety was also associated with longer reaction times (RTs) in the BPD
patients, we suggest that in BPD patients the ACC might mediate compensatory cognitive
processes during emotional interference and that such neurocognitive compensation that
can be adversely affected by high levels of anxiety.
Keywords: borderline personality disorder, cognition-emotion interaction, anxiety, fMRI, amygdala, anterior
cingulate cortex
INTRODUCTION
Borderline personality disorder (BPD) is a severe mental disorder
characterized by behavioral impulsivity, instability in interper-
sonal relationships, repetitive suicidal behavior, aggression, par-
ticularly autoaggressive behavior, and identity disturbance (Lieb
et al., 2004; Mauchnik and Schmahl, 2010). Most of these behav-
ioral patterns are assumed to result from affective instability,
which in turn might reflect a general emotional hyperreac-
tivity, but also dysfunction in emotion regulation. The ability
to regulate negative emotions successfully allows an individ-
ual to adaptively respond to stressful experiences, with deficits
in emotion regulation often leading to considerable psycholog-
ical distress (Gross and Muñoz, 1995; Davidson et al., 2000;
Gross, 2002; Ochsner and Gross, 2005). Moreover, emotion reg-
ulation abilities also affect an individual’s social interactions
(Lopes et al., 2005). Notably, BPD patients exhibit particularly
pronounced deficits in emotion processing in response to aver-
sive interpersonal events, such as perceived rejection, criticism
or separation (Stiglmayr et al., 2005; Gunderson and Lyons-
Ruth, 2008). On the other hand, the disturbances of social
interaction in BPD (Preißler et al., 2010) might also, to some
extent, be a consequence of primarily impaired emotion regu-
lation, leading to a vicious circle (Schmahl and Bremner, 2006;
Domes et al., 2009). Behaviorally oriented treatments for BPD
like Dialectic-Behavioral Therapy (DBT) or Systems Training
for Emotional Predictability and Problem Solving (STEPPS)
often focus on emotion regulation and its disturbance (e.g.,
Linehan, 1993; Blum et al., 2008). Therefore, a better under-
standing of the underlying neural mechanisms might help
to further improve therapeutic strategies for this debilitating
psychiatric disorder (Brendel et al., 2005; Koenigsberg et al.,
2009).
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Despite well-documented clinical and experimental evidence
for affective instability in BPD, the underlying neural mechanisms
are up to now not quite well understood, with previous studies
yielding, at least in part, conflicting results (for a recent meta-
analysis see Ruocco et al., 2013). Most functional neuroimaging
studies of emotional processing in BPD have focused on a fronto-
limbic network that includes the amygdala, the anterior cingulate
cortex (ACC), the orbitofrontal cortex (OFC), the hippocampus,
and the dorsolateral prefrontal cortex (DLPFC). This network is
likely to be involved in the processing of social and emotional
information, thereby contributing crucially to emotion regulation
(Ochsner and Gross, 2005; Phillips et al., 2008). A dysregulation
of this network, most prominently in an interpersonal context, is
thought to mediate important aspects of the BPD symptomatol-
ogy (Brendel et al., 2005; Schmahl and Bremner, 2006; Dell’Osso
et al., 2010). A recent metaanalysis of studies investigating neg-
ative emotion processing suggests that BPD patients exhibit
decreased amygdala and subgenual cingulate, but increased insula
activity during processing of negative emotions relative to pre-
sumably neutral conditions (Ruocco et al., 2013). On the other
hand, several studies have reported higher amygdala activation
in BPD patients compared to healthy subjects in response to
socially relevant negative emotional stimuli, especially fearful
facial expressions (Herpertz et al., 2001; Donegan et al., 2003;
Minzenberg et al., 2007; Silbersweig et al., 2007; Koenigsberg
et al., 2009). In addition to the observed emotional hyperreac-
tivity, studies focusing on cognition-emotion interactions (e.g.,
emotion regulation tasks, emotional Stroop paradigms or expo-
sure to autobiographical memories) also suggest that dorsolateral
and medial prefrontal regions, including the ACC, might exert an
inefficient regulatory functioning in BPD patients (Schmahl et al.,
2003, 2004; Minzenberg et al., 2007; Wingenfeld et al., 2009).
Taken together, these findings point to a weakened inhibitory con-
trol of amygdala reactivity by prefrontal cortical structures in BPD
patients (Lieb et al., 2004; Lis et al., 2007; Mauchnik and Schmahl,
2010). Studies demonstrating reduced white matter integrity rel-
evant to a fronto-limbic circuitry and altered functional coupling
between the amygdala and the OFC (Grant et al., 2007; New
et al., 2007; Rusch et al., 2010) have provided further converg-
ing evidence for a disturbance fronto-limbic circuitry in BPD. In
line with this idea, emotional stimuli have been shown to inter-
fere with cognitive processing in BPD. Patients with BPD exhibit
reduced inhibitory control when confronted with aversive infor-
mation, which is accompanied by reduced mPFC and increased
amygdala activation in fMRI (Silbersweig et al., 2007). In addi-
tion, the recruitment of prefrontal cortical control mechanisms
during emotional Stroop performance is deficient in BPD patients
(Wingenfeld et al., 2009).
Several studies suggest that BPD might be inherently associ-
ated with more general cognitive deficits that are not specific to
emotion processing (Bazanis et al., 2002; Monarch et al., 2004;
Ruocco, 2005; Judd, 2012), but might ultimately also result in
deficient regulation of negative emotions. Posner et al. for exam-
ple, reported alterations of an attentional network involved in
conflict resolution and cognitive control in BPD patients (Posner
et al., 2002). In this case, impaired inhibition and attentional
control might constitute the primary mechanisms of impaired
emotion regulation and affective instability in BPD. It should
be noted, on the other hand, that cognitive performance in
BPD patients is highly variable intraindividually, a phenomenon
that has been linked to reduced prefrontal processing efficiency
(MacDonald et al., 2006) and, in the case of BPD, might result
from the affective instability of the patients (Beblo et al., 2006).
This is in line with the notion that inhibitory control in BPD
patients is particularly impaired when the irrelevant informa-
tion to be suppressed is emotionally aversive in nature (Arntz
et al., 2000; Korfine and Hooley, 2000; Domes et al., 2006;
Sieswerda et al., 2007). It is thus conceivable that alterations
of cognitive processing in BPD might rather result from a pri-
mary alteration of emotion processing or its regulation, like
the well-documented preferential processing of negative emo-
tions in BPD patients (Barnow et al., 2009; Domes et al., 2009;
Dyck et al., 2009; Staebler et al., 2009), particularly in interper-
sonal contexts (Benjamin et al., 1989; Sieswerda et al., 2007).
Compatibly, a direct investigation of voluntary emotion regula-
tion in BPD has indeed yielded both increased amygdala acti-
vation and decreased recruitment of the OFC in BPD patients
relative to healthy controls (Schulze et al., 2011). It seems thus
conceivable that cognitive processing in BPD patients is pri-
marily altered under conditions of emotional distress, as the
high intensity of the associated affective processes might exhaust
the cognitive resources required for successful emotion regula-
tion. In line with this notion, BPD patients have been shown to
exhibit an increased amygdala response to faces with negative
emotional and even emotionally neutral expressions (Donegan
et al., 2003), and despite the fact that multiple negative emo-
tions are found to be elevated in BPD (Jacob et al., 2009; Staebler
et al., 2009), amygdala hyperreactivity in BPD patients is most
prominently observed in response to fearful faces (Minzenberg
et al., 2007). Moreover, BPD patients also exhibit altered mPFC-
amygdala connectivity during fear processing (Cullen et al.,
2011). On the other hand, self-report measures usually demon-
strate elevated trait anxiety in BPD patients, and the individual
degree of anxiety also correlates with behavioral measures of
reduced inhibition of negative stimuli during cognitive tasks
(Domes et al., 2006).
Previous studies demonstrating altered cognitive processing of
negative emotional faces have typically used tasks that required an
explicit processing of the negative emotional information, such
as gender discrimination (Minzenberg et al., 2007) or the emo-
tional Stroop task (Wingenfeld et al., 2009). To better understand
how the (inconsistently reported) general alterations of cognitive
function in BPD might be brought about, it might be helpful to
disentangle the cognitive task at hand from emotional stimuli.
In the present study, we used event-related functional magnetic
resonance imaging (fMRI) to investigate how incidental, i.e.,
task-irrelevant emotional interference, might affect behavioral
performance and neural mechanisms in an attention-demanding
cognitive task in BPD patients. Emotional stimuli have previ-
ously been demonstrated to interfere with PFC-dependent cog-
nitive processing in attention-demanding tasks like the Eriksen
flanker task (Eriksen and Eriksen, 1974) in the healthy popula-
tion (Fenske and Eastwood, 2003; Larson et al., 2006; Wiswede
et al., 2009; Richter et al., 2011). The presentation of unpleasant
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pictures from the International Affective Picture System (IAPS)
prior to each flanker stimulus has been shown to lead to an
increased error related negativity (ERN) compared to trials with
neutral or pleasant pictures (Wiswede et al., 2009), and geneti-
cally mediated individual differences in aggression and anger have
been linked to altered recruitment of the dACC and the OFC in
a comparable task using angry vs. neutral faces (Richter et al.,
2011). Because emotional reactivity and attentional bias in BPD
patients are particularly pronounced during processing of fear-
ful faces (Minzenberg et al., 2007; Jovev et al., 2012) we adapted
the modified flanker task with emotional distracters in the back-
ground (Richter et al., 2011) to the use of fearful vs. neutral faces
as irrelevant background pictures. The effective completion of
the task used here required participants to suppress the irrele-
vant emotional information and focus attention on the relevant
cognitive (flanker) task.
Based on current models of BPD and the previously described
functional differences in fronto-limbic networks, we expected
that BPD patients might exhibit increased amygdala activations
to fearful and possibly to neutral faces and reduced DLPFC-
and ACC-dependent cognitive control as compared to controls.
Specifically, we hypothesized that reduced dACC and DLPFC
activation in the patients would be most prominent during incon-
gruent flanker trials with emotional distracter stimuli. Because
previous results indicate that trait anxiety might act as a mod-
ifier of inhibitory control of emotional information in BPD
(Domes et al., 2006), we further hypothesized that neural sig-
natures of emotional interference in the context of fearful vs.
neutral distracters might be correlated with individual levels of
trait anxiety. To this end, individual differences in anxiety levels
were therefore assessed using the State-Trait Anxiety Inventory
(STAI, Spielberger and Lushene, 1966), and trait dimensions of
anxiety were included as covariates in all analyses and specifi-
cally addressed by brain-behavior correlations, in which we aimed
to correlate activations of the dACC, a structure presumably
involved in cognitive conflict processing, and of the rACC, a
brain region supposedly more directly involved in emotion pro-
cessing, with trait anxiety. In line of their differential role in
neurocognitive networks (Margulies et al., 2007), we tentatively
hypothesized that dACC activation might correlate negatively




Demographic and clinical characteristics of the study groups are
presented in Table 1. Subjects gave written informed consent
prior to study participation. The study was approved by the ethics
committee of the Charité Universitätsmedizin Berlin. Gender dif-
ferences in neural correlates have been reported for emotion
processing (Hamann and Canli, 2004), and gender seems to play
an important role in the neurobiology of BPD (Schmahl and
Bremner, 2006); therefore only female subjects were included in
the study. Participants were all right-handed and between 20 and
46 years old. Borderline patients were recruited at the Department
of Psychiatry, Charité Universitätsmedizin Berlin and all met
DSM-IV criteria for BPD. All participants were screened with
Table 1 | Demographic and clinical characteristics.
BPD HC Statistics
Age 25.56 (4.70) 26.83 (5.35) z = −0.596, n.s.
Smoking yes = 12 yes = 14 X 2
(1) = 1.172, n.s.
LPS (sum
subtest 3 + 4)
58.13 (11.05) 61.54 (7.10) z = −0.911, n.s.
MWT-B (IQ) 100.25 (12.53) 106.75 (10.32) t(38) = 1.8, n.s.
STAI-trait (trait
anxiety; sum)
63.5 (6.70) 32.58 (5.48) z = −5.308,
p < 0.001
BIS (sum) 79.00 (13.71) 61.92 (8.24) t(38) = −4.82,
p < 0.001
SCL-90-R (GSI) 1.93 (0.69) 0.29 (0.21) z = −5.304,
p < 0.001




33.13 (9.34) 4.21 (4.54) z = −5.229,
p < 0.001
BDI (sum) 28.81 (9.11) 3.96 (2.77) t(16.87) = −10.59,
p < 0.001
Mean scores of psychometric measures for the BPD and HC group. Standard
deviations are given in parentheses. Statistics: in case of categorical data
Chi-square-tests were applied; for continuous data not significant depart-
ing from normal distribution independent sample t-tests (t-values reported)
were computed; otherwise Mann–Whitney-U-Tests were used (z-values are
reported). LPS, Leistungsprüfsystem; MWT-B, Mehrachwahlwortschatztest
form B; STAI-trait, State-Trait-Anxiety Inventory II (trait anxiety scale); BIS, Barratt
Impulsiveness Scale; SCL-90-R (GSI), Symptom-Checklist (Global Severity Index);
BSL, Borderline Symptom List; BDI, Beck Depression Inventory.
the German version of the Structural Clinical Interview for
DSM-IV (SCID-I and II; First et al., 1996, 1997; German ver-
sion Wittchen et al., 1997), and symptom severity was assessed
with the Symptom Checklist (SCL-90-R; Franke, 2002) and the
Borderline Symptom List (BSL; Bohus et al., 2001). Diagnosis of
BPD was confirmed by a consultant psychiatrist with extensive
experience in the diagnosis and treatment of BPD.
Exclusion criteria were a history of psychotic disorder, major
depression at time of participation, current mania or hypomania,
a diagnosis of ADHD, and substance dependence within the
last six months prior to study participation. Patients had to be
free from psychotropic medication for at least 2 weeks prior to
participation (6 weeks in case of fluoxetine), and previous use
of depot neuroleptics lead to exclusion for at least 6 months.
Control subjects should not meet criteria for any current or
past Axis I or Axis II disorder (as screened with the SCID I
and II). In both patients and healthy controls any neurological
disorder and any current medical condition influencing cerebral
metabolism (e.g., diabetes, systemic corticosteroid medication)
was also considered as an exclusion criterion. One patient was
further excluded from further analysis due to below-chance level
performance in the (neutral) congruent flanker condition. The
final study sample comprised 16 patients diagnosed with BPD
and 24 healthy control subjects (HC). The BPD and control
samples were carefully matched with respect to age, smoking
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status, and intelligence as assessed with the “Multiple-Choice
Vocabulary Intelligence Test” (“Mehrfachwahl-Wortschatz-
Intelligenztest,” MWT-B; Lehrl, 2005) and subtests 3 and 4
of the “Performance Testing System” (“Leistungsprüfsystem,”
LPS-3 and LPS-4; Horn, 1983) (see Table 1). Intelligence
measures were considered to be a more appropriate measure
than mere years of education, as patients often had disrup-
tions of their educational and professional careers resulting
from disorder-related periods of prolonged illness and/or
hospitalization.
In the BPD group, two patients met the DSM-IV criteria
for posttraumatic stress disorder (PTSD) at the time of partic-
ipation. Further comorbid Axis I psychiatric diagnoses in this
sample included the following: past major depression (n = 10),
substance abuse (n = 7), panic disorder (n = 1), social phobia
(n = 1), obsessive–compulsive disorder (n = 1), bulimia nervosa
(n = 2). Comorbid Axis II disorders were: avoidant personal-
ity disorder (n = 3), dependent personality disorder (n = 1),
obsessive-compulsive personality disorder (n = 1) and histrionic
personality disorder (n = 1).
Participants completed complementary well-established ques-
tionnaires to assess individual differences in psychopathology.
Trait anxiety was assessed using the State-Trait-Anxiety Inventory
(STAI; Spielberger and Lushene, 1966). We chose to use trait
rather than state anxiety as a measure of individual anxiety levels,
as BPD patients, due to their affective instability, might show less
reliable responses in the STAI-state, and we were also concerned
that state anxiety might even show considerable fluctuations in
these patients during the course of the experimental session. We
further employed the Barratt Impulsiveness Scale (BIS-11; Patton
et al., 1995; German version Preuss et al., 2003) to assess impulsiv-
ity and the Beck Depression Inventory (BDI II; Hautzinger et al.,
1994) to quantify depressive symptoms.
EXPERIMENTAL PARADIGM
Participants were scanned while performing a modified version
of the Eriksen Flanker task (Eriksen and Eriksen, 1974) with
task-irrelevant emotional and neutral distracters (Richter et al.,
2011). The flanker stimulus consisted of a central arrowhead,
pointing either to the right or left, flanked by four surrounding
arrowheads or four dashes on either side. Flanking arrowheads
could point either in the same (congruent condition) or oppo-
site direction (incongruent condition) of the central arrowhead.
In these conditions, subjects were instructed to respond as fast
and accurately as possible to the pointing direction of the tar-
get with a button press on the respective side while ignoring
the direction of the surrounding arrowheads. Task-irrelevant
pictures of neutral or fearful faces were presented in the back-
ground of the flanker stimulus (Richter et al., 2011). The experi-
ment consisted of seven experimental conditions, including four
primary conditions of interest with the combinations of con-
gruent/incongruent flanker stimuli and emotional/neutral face
stimuli. To improve the estimation accuracy of the stimulus-
specific BOLD responses, we included a baseline condition, in
which the target flanker was surrounded by dashes only, and
a blurred face was presented in the background, thus not elic-
iting a conflict. Furthermore, two stop conditions (congruent
and incongruent) were included, in which the response to the
target item should be inhibited. Stop trials were included as
a behavioral measure of motor impulsivity, but were not con-
sidered further in the present analyses and will be reported
separately.
Each trial lasted 1500 ms, beginning with the presentation of
a neutral or emotional face stimulus for 650 ms, followed by a
200 ms presentation of the flanker stimulus, during which the
face stimulus was blurred, and ending with the respective face
stimulus for another 650 ms. Example stimuli and the sequence
of one trial are displayed in Figure 1. Flanker stimuli were pre-
sented at the location of the face’s eyes, thereby requiring subjects
to keep the face within the focus of attention. During stop tri-
als a regular flanker stimulus was presented for 100 ms followed
by 100 ms of the presentation of a “0” at the site of the tar-
get stimulus. The stop conditions were combined with either an
emotional or neutral face. Face stimuli were obtained from the
Karolinska Directed Emotional Faces database (KDEF; Lundqvist
et al., 1998). The experiment lasted approximately 20 min, con-
sisting of 50 trials of each of the emotion x congruency condi-
tions, and 20 emotional and 20 neutral baseline and stop trials
respectively, resulting in 280 trials in total. Conditions were pre-
sented in random order and response direction (direction of the
target stimuli: left/right) was balanced across all conditions. Inter-
stimulus intervals were jittered near-exponentially between 2 and
8 s. Stimuli were displayed, and responses were collected using
the Presentation software (Neurobehavioral Systems Inc, Albany,
CA) and a fiber optic response device (fORP, Current Design Inc,
Philadelphia, PA).
FIGURE 1 | Stimuli. Example stimuli for an incongruent flanker condition
with a neutral (Top) and an emotional (Bottom) background pictures. Six
hundred and fifty milliseconds presentation of the neutral/fearful face
stimulus were followed by 200 ms in which the flanker stimulus appeared
at the height of the eyes and the background picture was blurred, ending
with another presentation of the face stimulus for 650 ms.
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MRI DATA ACQUISITION
MRI data were acquired on a 3 Tesla Siemens Tim Trio MR
tomograph located at the Dahlem Institute for Neuroimaging
of Emotion (D.I.N.E.; Cluster Languages of Emotion, Free
University of Berlin) with a 12-channel phased array head coil.
Because we were interested in both the amygdala and inferior pre-
frontal structures that typically require opposite tilting of the slice
block, we decided to orient the slices in a strict transversal orien-
tation. As displayed Figure S1, both the amygdala and the rACC
regions-of-interest (ROIs) overlapped in post part with the brain
mask, suggesting that signal dropout was negligible.
Functional MRI data were acquired using a gradient, T2∗-
weighted echoplanar imaging pulse sequence (GE-EPI). Thirty-
seven adjacent axial slices were acquired along the AC-PC plane
in ascending order covering the whole brain, with a 64 × 64
matrix and 192 mm field of view (in-plane voxel size 3 × 3 mm2,
slice thickness = 3 mm, inter-slice gap = 0.3 mm, TR = 2000 ms,
TE = 30 ms, flip angle = 70◦). Structural data were acquired
using a 3D T1-weighted MPRAGE sequence (isotropic voxel size
1 × 1 × 1 mm) in a 256 mm field of view (256 × 256 matrix, 176
slices, TR = 1900 ms, TE = 2.52 ms).
DATA PROCESSING AND ANALYSIS
Behavioral data analyses
Behavioral data consisted of mean RTs (for correct responses)
and accuracy rates for each subject and were analyzed using
SPSS 18 (SPSS Inc, Chicago). These variables were entered into
repeated measures analyses of variance (ANOVA), as far as the
assumption of normal distribution was met, and subjected to
non-parametric test-statistics otherwise. Stop trials were ana-
lyzed separately for the dependent variable false alarm rate (failed
inhibition of response). The stop trial conditions particularly
served the purpose to obtain an additional behavioral measure
of impulsivity and were consequently not a factor of interest
in the fMRI analyses. All statistical tests employed are listed in
Table 2.
Fmri data analyses
Image preprocessing and fMRI data analyses were performed
using Statistical Parametric Mapping (SPM8, Wellcome Trust
Center for Neuroimaging, London, UK; http://www.fil.ion.ucl.
ac.uk/spm/software/spm8/) running on Matlab 7.7 (Mathworks
Inc., Natick, MA). Data were corrected for acquisition delay and
head motion, and subjects’ individual T1-weighted MPRAGE
images were coregistered to the mean image obtained from
motion correction. The MPRAGE image was then segmented
using the algorithm implemented in SPM, and EPIs were trans-
formed into the Montreal Neurological Institute (MNI) template
space using the normalization parameters obtained from seg-
mentation. Finally, normalized images were smoothed with an
isotropic Gaussian kernel of 8 mm full width at half maximum. A
temporal high-pass filter with a cut-off frequency of 1/128 Hz was
applied to the data to remove low-frequency noise. Serial correla-
tions in time series were removed using an autoregressive model
of first order [AR(1)]. For statistical analysis a two-stage mixed
effects model was applied. In the first stage, individual general lin-
ear models (GLMs) were estimated containing separate covariates
for the four conditions of interest [congruent and incongruent
flanker condition × fearful and neutral background pictures]
and further covariates of no interest for low-level baseline tri-
als, stop trials, error trials, the six rigid-body transformations
obtained from motion correction and a single constant represent-
ing the mean over scans. Second-level random effects analyses
were then computed over the single subjects’ contrasts. Only
BOLD responses to trials with correct responses were modeled
as effects of interest.
In the second stage of the model, single subjects’ contrasts of
the four conditions were included in two separate within-subject
repeated measures ANOVAs for the BPD and the HC group, with
the factors subject, flanker (congruent and incongruent), and
emotion (fearful and neutral). In the second level analyses, indi-
vidual differences in anxiety were expected to affect attentional
orienting and neural responses to fearful face stimuli, possibly
irrespective of diagnosis (Reeck et al., 2012). Similarly, impulsiv-
ity has been demonstrated to affect electrophysiological correlates
of cognitive monitoring in a flanker task with stop trials in both
healthy controls and BPD patients (Ruchsow et al., 2008a,b). As
we were interested in both diagnosis-related between-group dif-
ferences independent of anxiety and impulsivity, but also in the
specific influences of trait anxiety, covariates representing indi-
vidual levels of trait anxiety and impulsivity (obtained from the
STAI-trait and BIS questionnaires) were included in all statisti-
cal models. Because only two additional factors can be modeled
besides the subjects factor in this kind of SPM second level
analysis, separate between-subjects ANOVAs were computed for
factors group (BPD and HC) and emotion (fearful and neutral);
group and congruency (congruent and incongruent) as well as for
group and the emotion by congruency interaction [(inc_emo >
cong_emo) > (inc_neut > cong_neut)].
Whole-brain voxel-wise comparisons are reported p < 0.001,
uncorrected, with a minimum cluster size of 10 adjacent vox-
els. To adjust α-error probabilities for brain regions known to
be involved in the paradigm used in this study (Richter et al.,
2011), literature-based probabilistic ROIs (Schubert et al., 2008)
were generated for all brain regions a priori hypothesized, namely
the amygdala, the dorsal ACC (dACC), the rostral ACC (rACC),
the DLPFC, and the fusiform face area (FFA). The significance
level for activation in these ROIs was set at p < 0.05, family-
wise error (FWE)-corrected for the ROI volumes. Directional
t-tests were inclusively masked with the respective F-contrast,
thresholded at p < 0.05. Correspondence between macroscopic
brain anatomy as well as cyto-architectonics and activation foci
were determined using a maximum probability map approach
(Eickhoff et al., 2006a) as provided by the probabilistic cyto-
architectonical brain atlas for SPM (Eickhoff et al., 2005) and
areas were labeled according to the publications describing these
probabilistic maps (Geyer et al., 1996, 1999; Amunts et al.,
1999, 2000, 2005; Morosan et al., 2001; Geyer, 2004; Caspers
et al., 2006; Choi et al., 2006; Eickhoff et al., 2006b,c; Malikovic
et al., 2007; Rottschy et al., 2007; Scheperjans et al., 2008;
Kurth et al., 2010). Literature-based probabilistic ROIs for α-
error adjustment were created using a previously described algo-
rithm (Schubert et al., 2008; see Supplementary Information for
details).
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Table 2 | Mean response times (RT) and accuracy in the four conditions of interest (congruency × emotion) in the Borderline (BPD) and the
control group (HC).
A. Behavior: descriptives
RT Accuracy FA rate stop trials
BPD HC BPD HC BPD HC
Neutral 0.213 (0.27) 0.215 (0.27)
Congruent 598.94 (132.25) 665.17 (155.66) 0.961 (0.08) 0.985 (0.03) – –
Incongruent 736.69 (160.24) 764.33 (180.83) 0.876 (0.13) 0.949 (0.06) – –
Fearful 0.259 (0.26) 0.196 (0.24)
Congruent 601.38 (131.07) 670.04 (152.64) 0.977 (0.05) 0.988 (0.03) – –
Incongruent 758.31 (166.05) 788.96 (192.73) 0.843 (0.14) 0.949 (0.06) – –
B. Behavior: statistics
REACTION TIMES
Factor Fdf p Partial Eta squared
Congruency 81.5161 0.000 0.682
Emotion 17.7831 0.000 0.319
Group 0.9231 0.343 0.024
Congruency*emotion 6.1901 0.017 0.140
Congruency*group 1.8191 0.185 0.046
Emotion*group 0.1831 0.671 0.005




Mann–Whitney U 147.000 142.500 110.500
Wilcoxon W 283.000 278.500 246.500
Z −1.245 −1.369 −2.254
R −0.197 −0.216 −0.356
Exact sig. [2*(1-tailed sig.)] 0.222 0.174 0.023
Wilcoxon signed ranks test
(cong-neut + inc-neut)/2 −
(cong-emo + inc-emo)/2
(inc-neut + inc-emo)/2 −
(congneut + cong-emo)/2
inc-neut - cong-neut −
inc-emo - cong-emo
Z −0.873 −4.581 −1.413
R −0.138 −0.724 −0.065
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Table 2 | Continued
Wilcoxon signed ranks test
stop_neut_prop_FA –
stop_emot_prop_FA
Exact sig. [2*(1-tailed sig.)] 0.070
Z −0.742
R −0.117
Asymp. sig. (2-tailed) 0.458
Standard deviations are given in parentheses. Abbreviations: MEcong, main effect of congruency; MEcong, main effect of emotion; IEcongemo, interaction effect
congruency x emotion.
Brain-behavior correlations
For selected core symptoms of BPD the relationship between
symptom severity and fMRI activation patterns was investigated
by the means of brain-behavior-correlations. Since we used fear-
ful facial expressions as background pictures, the STAI as a
measure of trait anxiety was considered to be the most rele-
vant psychometric scale. To avoid circularity in the data analysis
(Kriegeskorte et al., 2010), correlations between psychometric
data and BOLD-responses were carried out in a priori defined
ROIs only. Because of their well-characterized role in emotional
processing the rACC and amygdala were chosen as ROIs. Further
we chose the dACC as a relevant region for contrasts reflecting
the interaction of the cognitive process with the fearful face pro-
cessing. GLM parameter estimates (corrected for the effects of no
interest) were extracted from the ROIs for the fearful > neutral
contrast (for incongruent and congruent conditions separately)
and the incongruent > congruent contrast (for fearful and neu-
tral faces separately) and Pearson’s correlations were calculated
with the STAI-trait scores in the HC and BPD groups separately.
Robustness of correlation values was examined by calculation of
Cook’s distances (Di), a measure of the influence that single values
exert on a correlation (Cook and Weisberg, 1982). In case of single
values exceeding an a priori defined threshold of Di>4/n (Bollen
and Jackman, 1990), the respective subject was excluded and the
correlation coefficient recalculated. In order to compare corre-
lation coefficients between groups a bootstrap approach with
Monte Carlo approximation was chosen (Efron, 1979). One thou-
sand bootstrap samples of size 16 were generated by independent,
random draws with replacement from the original sample and the
correlation was calculated for each bootstrap sample. This proce-
dure was applied for the BPD and HC group separately, resulting
in 1000 estimates for the correlation coefficient per group and
contrast. With the resulting distributions of the correlation coef-
ficients an estimate of the correlation coefficient’s standard devia-
tions could be computed. These were used to calculate effect sizes
(Cohen’s d) for the group differences. Additionally the bootstrap-
correlations were entered into Mann–Whitney-U-Tests (BPD vs.
HC; all p-values were Bonferroni-corrected). Only correlation
coefficients significantly differing from zero in at least one of the
groups were tested for group differences. Note: Brain-behavior
correlations were also performed for impulsivity, but those




Descriptive statistics for RTs, accuracy rates and false alarm
rates for both groups are presented in Table 2A, and the
inferential statistics, including effect sizes are presented in
Table 2B.
Reaction times
The distribution of RTs did not depart significantly from the
predicted normal distribution in either of the conditions (as
assessed with the Kolmogorov–Smirnov-Test with Lilliefors sig-
nificant correction; KS-test; Lilliefors, 1967), neither in the
control nor the Borderline group (smallest p-value in the
KS-test: p = 0.11). The ANOVA on RTs yielded a significant
main effect of congruency and of emotion [F(1, 38) = 81.51,
p < 0.001 and F(1, 38) = 17.78, p < 0.001, respectively], as well
as a significant congruency by emotion interaction [F(1, 38) =
6.19, p = 0.017], with RTs being longer in incongruent com-
pared to congruent and emotional compared to neutral trials,
yielding their maximum in the incongruent emotional con-
dition. Neither the group main effect [F(1, 38) = 0.923, p =
0.34] nor the emotion by group, congruency by group nor the
three-way interaction reached significance [F(1, 38) = 0.183, p =
0.671; F(1, 38) = 1.82, p = 0.185; and F(1, 38) = 0.001, p = 0.972,
respectively]. These results indicate the occurrence of a behav-
ioral conflict effect as well as a differential effect of emotion
on the processing of congruent and incongruent flanker stimuli,
which did not differ significantly between the BPD and control
group.
Accuracy
The KS-test on accuracy rates indicated a significant deviation
from the normal distribution, thus a non-parametric test pro-
cedure was adopted, testing within-subjects effects and between-
subjects effects using Wilcoxon-Signed-Ranks-Tests and Mann–
Whitney-Tests, respectively. After Bonferroni correction only the
main effect of congruency yielded significance (z = −4.581,
p < 0.01).
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Stop trials
The KS-test on FA rates indicated a significant deviation
from the normal distribution, thus a non-parametric test
procedure was adopted. Neither the main effect of emo-
tion, nor the main effect of group, nor the emotion by
group interaction effect reached significance. This (objective)
measure of impulsivity did consequently not indicate any dif-
ferences in behavioral impulsiveness between the BPD and HC
groups.
BRAIN RESPONSES
Table 3 displays the results of all ROI-based analyses in the dACC,
rACC, amygdala, DLPFC, and FFA (p < 0.05, small-volume FWE
corrected). Tables 4–8 display the results of whole-brain voxel-
wise comparisons (p < 0.001, uncorrected).
Within-group effects: effect of emotion
Contrasting the fearful with the neutral condition the con-
trol group showed increased BOLD signal in the left amygdala,
Table 3 | Brain activations; ROI-based analyses.
Roi, hemisphere Within subject comparisons Between subject comparisons
Group e > n n > e i > c inter emo cong inter
dACC
(bilat.)
L/R HC – – 0, 17, 43
p = 0.010*









L/R HC – 6, 50, 1
p = 0.086
– – – – –
BPD – – – –
Amygdala L HC −18, −10, −14
p = 0.003**
– – – – – –
BPD −21, −1, −14
p = 0.021*
– – –
R HC – – – – – –
BPD 30, −1, −14
p = 0.040*
– – 24, −4, −23
p = 0.007**
DLPFC L HC −42, 11, 2 5
p < 0.001*
– −45, 5, 28
p = 0.006**




BPD – – – –






– – – –
BPD 45, 26, 13
p = 0.041
– – –
FFA L HC −42, −52, −17
p < 0.001**
– – – – – –
BPD −39, −46, −17
p < 0.001**
– – –
R HC 33, −67, −11
p < 0.001**
– – – – – –
BPD 39, −61, −14
p = 0.054
– – –
Results of the ROI-based analyses. Peak coordinates are reported. dACC, dorsal anterior cingulate cortex; rACC, rostral anterior cingulate cortex; DLPFC, dorsolateral
prefrontal cortex; FFA, fusiform face area; *FWE-correctable at p < 0.05; **FWE-correctable at p < 0.01.
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Table 4 | Brain responses; fearful > neutral.
Brain structure (area %) H Cluster size Z (peak) MNI coordinates
x y z
HC
Lingual gyrus (BA17: 20%) R 569 5.46** 3 −82 −2
Fusiform gyrus (V4v: 70%) 4.98** 30 −70 −11
Lingual gyrus (V3v: 60%) 4.56 21 −79 −5
Middle temporal gyrus (V5: 30%) 3.72 57 −67 1
Inferior temporal gyrus 3.67 51 −73 −5
Fusiform gyrus L 204 4.86* −42 −52 −17
Lingual gyrus (V4: 30%) 4.39 −21 −79 −14
Inferior occipital gyrus 3.82 −39 −67 −11
Inferior frontal gyrus (p. tria. BA45: 40%) L 168 4.59 −48 23 −2
Inferior frontal gyrus (p. oper. BA44: 30%) 3.14 −45 14 7
Middle occipital gyrus R 158 4.54 30 −76 22
Middle temporal gyrus (PGp: 40%) 3.88 51 −76 13
Superior occipital gyrus 3.38 27 −64 31
Superior temporal gyrus R 118 4.81* 45 −31 4
Middle temporal gyrus 4.14 57 −52 4
Inferior frontal gyrus (p. tria. BA44: 40%) L 115 4.88* −42 11 25
Inferior parietal lobule (7A: 50%) L 110 4.38 −30 −55 49
Angular gyrus 3.24 −36 −55 37
Inferior frontal gyrus (p. tria.) R 88 4.77* 45 17 25
Middle temporal gyrus L 70 4.19 −48 −46 7
Thalamus (temporal: 49%) R 36 4.99* 3 −13 1
Amygdala (SF: 50%) L 24 3.89 −18 −10 −14
Amygdala (LB: 10%) L 18 4.53 −33 2 −26
Middle occipital gyrus L 14 3.49 −51 −76 −2
Putamen L 11 3.69 −30 −10 −8
BPD
Inferior temporal gyrus L 257 4.61 −39 −46 −17
Fusiform gyrus (V4v: 60%) 4.04 −27 −76 −14
Lingual gyrus 3.87 −24 −52 −11
Inferior occipital gyrus 3.83 −45 −73 −11
Lingual gyrus (BA18: 60%) R 154 4.58 18 −82 −14
Calcarine gyrus (BA17: 60%) L 3.88 −9 −91 −2
Inferior frontal gyrus/insula R 30 4.41 45 26 10
Precuneus (7A: 10%) L 24 3.94 −9 −67 31
Middle occipital gyrus (BA18: 30%) R 16 3.48 30 −91 16
Precuneus R 15 3.72 15 −58 25
Precuneus (5M: 40%) R 11 3.55 6 −46 67
Clusters of activation for >10 contiguous voxels with p < 0.001, uncorrected. Z, z-score of local maximum; *FWE-correctable at p < 0.05; **FWE-correctable at
p < 0.01; Cluster size: in voxels; H, Hemisphere; BA, Brodmann area; hOC4v/hOC5v, human occipital cortex 4/5 ventral; V4/V5, visual area 4/5; SPL, superior parietal
lobule; 7A, posterior Superior Parietal Cortex; BA7, anterior part; hIP3, human intraparietal area 3; IPC, Inferior Parietal Cortex; PGa, rostral part of BA39 (angular
gyrus), extending from the Inferior parietal sulcus to the temporo-occipital junction; Amygdala SF, superficial; CM, centromedial; LB, laterobasal; 5M, medial area
of BA5.
the inferior frontal gyrus, the middle temporal gyrus, fusiform
gyrus, intra-parietal sulcus, and middle occipital gyrus. The
BPD group did not show a reliable activation of the left
amygdala as well as the fusiform gyrus, lingual gyrus, the
inferior frontal gyrus, precuneus and middle and inferior
occipital gyri (Tables 3, 4). Emotion-related activation of the
FFA survived small-volume correction in the left and right
FFA in the HC group (peaks at [−42, −52, −17] and
[33, −67, −11]) and in the left FFA in the BPD patients (peak
at [−39, −46, −17]). Both groups also showed ROI-correctable
activation of the left amygdala during presentation of emo-
tional relative to neutral faces (HC: peak at [−18, −10, −14];
BPD peak at [−21, −1, −14]; see Table 3 and Figures 2A,B, left
panel).
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Table 5 | Brain responses; neutral > fearful.
Brain structure (area %) H Cluster size Z (peak) MNI coordinates
x y z
HC
Inferior occipital gyrus (BA17: 90%) R 28 4.96* 24 −100 −2
Middle frontal gyrus 16 3.72 24 32 34
Caudate nucleus 12 3.95 9 20 4
BPD
Superior frontal gyrus (BA6: 30%) R 13 3.91 15 23 61
Clusters of activation for >10 contiguous voxels with p < 0.001, uncorrected. Z, z-score of local maximum; *FWE-correctable at p < 0.05; **FWE-correctable at
p < 0.01; Cluster size: in voxels; H, Hemisphere; BA, Brodmann Area.
In the neutral > fearful faces comparison, healthy con-
trols showed activation increases in the visual cortical and
DLPFC structures, as well a trendwise activation in the rACC
(Tables 3, 5). The BPD patients, on the other hand, showed an
increased activation of the dorsomedial PFC in this contrast.
Within-group effects: effect of congruency
When compared to congruent flanker stimuli, incongruent
flanker trials were associated with increased activation in largely
overlapping regions in the HC and BPD groups, comprising the
inferior and superior parietal lobule, the superior, middle and
inferior frontal gyrus, the inferior temporal gyrus, insula, and
dACC (Table 6). Corrections for the ROI volumes revealed a sig-
nificant signal increase in the dACC in healthy controls and a
trendwise activation in BPD patients in response to the incon-
gruent flanker stimulus (HC: peak at [0, 17, 43]; BPD: peak at
[−6, 20, 43]; see Table 3, Figure 3), whereas activations in the
DLPFC were significant after FWE correction in healthy controls
only (Table 3). In the congruent > incongruent comparison, both
groups showed activation increases in several brain structures
(see Supplementary Information: Table S2 for details). Healthy
controls demonstrated greater BOLD signal in both the left and
right amygdalae (see Figure 2A, right panel) and the rACC in
the congruent condition, whereas BPD patients did not show this
activation difference in the amygdala, but only in the rACC (see
supplementary Table S2). Additionally the BPD group showed
a significant activation for the right FFA ROI (Supplementary
Table S2).
Within-group effects: interaction congruency-emotion
Testing for the congruency by emotion interaction effect, the
corresponding contrast yielded increased activations in the intra-
parietal sulcus and the right amygdala in BPD patients. The effect
in the right amygdala was robust when correcting for the amyg-
dala ROI volume (Figure 2B, right panel; Table 3). This effect
was not found for the HC group. Coordinates and z-values are
presented in Tables 3, 7.
Between-group effects: group interactions
There were no regions showing higher activation differences in
the HC compared to the BPD group as a function of emotion
(fearful > neutral), congruency (incongruent > congruent) nor
of the congruency by emotion interaction effect. In the fear-
ful > neutral contrast, BPD patients exhibited a higher BOLD
signal in the, precuneus, the rACC and in a cluster compris-
ing the dACC and parts of the DLPFC. The elicited activation
differences in the dACC were robust after ROI-based FWE cor-
rection (peak at [−12, 26, 34]; see Table 3), and the DLPFC
cluster showed a trend toward significance when correcting for
the respective ROI volume (peak at [−27, 29, 31], FWE-corrected
p = 0.071; Table 8 and Figure 4). The congruency by group inter-
action contrast revealed higher signal differences (incongruent
> congruent) in the BPD as compared to the HC group in
the left pallidum. BPD patients showed higher activation differ-
ences for the emotion by congruency interaction effect [(inc-
emo > cong-emo) > (inc-neut > cong-neut)] in the temporo-
parietal junction (angular gyrus), cuneus, precuneus, middle
and superior occipital gyri as compared to healthy controls
(Table 8).
Brain-behavior correlations: effects of trait anxiety
Based on their well-characterized roles in emotion regulation
and cognitive control, respectively, we focused our brain-
behavior correlations on the rACC and dACC. Pearson cor-
relations of the STAI-trait scores and BOLD responses in the
emotional conditions of the congruency effect (incongruent >
congruent) yielded significant negative relationships between
the two variables in both rACC and dACC ROIs in the
BPD group (see Figure 5). Thus, trait anxiety was inversely
associated with activation differences between the incongru-
ent and congruent flanker condition when fearful faces were
presented as distracters. Notably, these negative correlations
were restricted to the patient group, with healthy controls
showing no significant relationship between BOLD signal and
STAI-trait scores in any of these contrasts or regions. The
effect sizes reflecting the group difference in these correlation
coefficients were high in both cases (d = 1.51 and d = 3.71
for the rACC and dACC, respectively) and did differ signifi-
cantly (p < 0.001 for dACC and rACC). Correlation coefficients,
bootstrap results and test statistics are given in Table 9 and
Figure 5.
In order to assess potential behavioral effects of trait anx-
iety on performance in the cognitive task, STAI-trait scores
were correlated with RT differences of the incongruent fearful
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Table 6 | Brain responses; incongruent > congruent.
Brain structure (area %) H Cluster size Z (peak) MNI coordinates
x y z
HC
Inferior parietal lobule (hIP3:40%) R 903 6.77** 36 −46 49
Superior parietal lobule (SPL/7P: 30%) 6.76** 24 −67 52
Supramarginal gyrus (IPC/PFt: 70%) 6.15** 48 −31 46
Superior occipital gyrus 5.85** 27 −64 34
Angular gyrus (hIP3: 30%) 5.74** 30 −58 43
Middle occipital gyrus 3.72 42 −85 10
Superior parietal lobule (SPL/7A: 50%) L 741 6.72** −21 −64 49
Inferior parietal lobule (hIP2: 40%) 5.65** −42 −37 37
Middle occipital gyrus 5.22** −27 −73 28
Inferior parietal lobule (BA2: 60%) 4.76* −45 −37 52
Inferior frontal gyrus (BA44: 30%) R 121 5.58** 45 5 28
Superior medial gyrus 94 4.02 0 17 43
Superior medial gyrus L 3.99 −6 14 46
Inferior temporal gyrus R 63 4.55 57 −55 −11
Precentral gyrus L 60 4.44 −45 2 31
Superior frontal gyrus R 55 4.19 24 2 49
Superior frontal gyrus L 40 3.95 −24 −4 55
Middle frontal gyrus 3.49 −24 5 46
Insula R 33 4.02 36 20 4
Inferior temporal gyrus L 33 3.95 −48 −67 −5
BPD
Superior parietal lobule (SPL/7P: 70%) R 428 5.42** 15 −70 55
Superior occipital gyrus 5.03* 24 −64 43
Inferior parietal lobule (IPC/PFt: 40%) 4.50 45 −37 49
Middle occipital gyrus 4.40 30 −73 31
Inferior parietal lobule (hIP3: 30%) 4.40 39 −49 49
Middle occipital gyrus (IPC/PGp: 30%) 4.01 39 −79 22
Inferior parietal lobule (hIP1: 40%) L 138 4.35 −36 −43 40
Inferior parietal lobule (SPL/7PC: 50%) 4.20 −33 −49 49
Superior parietal lobule (SPL/7PC: 60%) 3.99 −33 −52 64
Superior parietal lobule (SPL/7A: 50%) L 74 5.21** −15 −64 52
Middle frontal gyrus R 64 4.02 36 2 61
Superior frontal gyrus L 47 4.07 −21 −1 49
Middle frontal gyrus (BA6: 30%) 3.69 −30 −1 64
Insula R 46 5.10** 33 23 −2
Insula L 35 4.21 −33 17 1
Inferior frontal gyrus (BA44: 30%) R 19 3.68 48 8 31
Clusters of activation for >10 contiguous voxels with p < 0.001, uncorrected. Z, z-score of local maximum; *FWE-correctable at p < 0.05; **FWE-correctable at
p < 0.01; Cluster size: in voxels; H, Hemisphere; BA, Brodmann Area; hlP1-3, human intraparietal area 1-3; SMA, supplementary motor area; hOC5, human occipital
lobe; V5, visual area 5; 7A,7P, posterior Superior Parietal Cortex, anterior and posterior part of BA7; 7PC, anterior Superior Parietal Cortex; IPC, Inferior Parietal
Cortex; Pft, dorsal supramarginal gyrus, rostralmost sector of the IPC.
and congruent fearful conditions (RT_inc-emo - RT_cong-emo;
analogously to the contrast of the BOLD-signal). A positive rela-
tionship between trait anxiety and RT differences was observed
in both groups (r = 0.44 and r = 0.19 for BPD and HC,
respectively), but reached significance in the BPD group only
(p = 0.045, one-tailed).
DISCUSSION
The present study aimed to assess the impact of task-irrelevant
emotional information on cognitive processing in patients with
BPD. Our results extend previous observations of a dysregu-
lated fronto-limbic circuitry in BPD. By including anxiety and
impulsivity as covariates (see “Methods” section for details),
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Table 7 | Brain responses; interaction congruency by emotion.
Brain structure (area %) H Cluster size Z (peak) MNI coordinates
x y z
HC
Thalamus (Temporal: 20%) 14 3.85 3 −1 1
BPD
Inferior parietal lobule (hIP1: 30%) R 25 3.94 36 −52 34
Amygdala (LB: 90%) R 12 3.72 24 −4 −23
Caudate nucleus L 11 3.71 −15 11 7
Clusters of activation for >10 contiguous voxels with p < 0.001, uncorrected. Z, z-score of local maximum; Cluster size: in voxels; H, Hemisphere; hIP1, human
intraparietal area 1; Amygdala LB, laterobasal.
Table 8 | Brain responses; BPD > HC.
Brain structure (area %) H Cluster size Z (peak) MNI coordinates
x y z
EMOTION
Dorsal anterior cingulate cortex L 26 4.44 −15 26 31
Middle frontal gyrus 3.48 −27 29 31
Precuneus L 16 3.87 −12 −67 31
Precuneus R 16 3.70 15 −67 28
Superior frontal gyrus R 15 3.99 15 35 43
Rostral anterior cingulate cortex L 11 3.92 −6 35 7
Superior medial gyrus R 10 4.23 12 62 25
CONGRUENCY
Pallidum L 18 4.15 −21 2 1
INTERACTION EMOTION CONGRUENCY
Angular gyrus (hIP3: 40%) R 82 4.15 30 −52 43
Inferior parietal lobule (hIP1: 50%) 3.34 39 −49 34
Middle occipital gyrus 3.24 33 −61 37
Middle occipital gyrus L 19 4.35 −33 −70 31
Cuneus R 14 3.87 21 −64 37
Precuneus 3.28 15 −70 40
Superior occipital gyrus R 14 3.51 21 −76 28
Cuneus 3.51 12 −79 31
Clusters of activation for >10 contiguous voxels with p < 0.001, uncorrected. Z, z-score of local maximum; Cluster size: in voxels; H, Hemisphere; hIP1/hIP3, human
intraparietal area 1/3.
we were able to distinguish disorder-related between-group dif-
ferences and diagnosis-specific correlations of psychopathology
and brain activity. Patients showed an interaction between stim-
ulus congruency in the flanker task and emotional interfer-
ence from the fearful faces in the right amygdala that was not
observed in the healthy control group. Furthermore, patients
exhibited an emotion-related activation in the rACC/mPFC as
well as the dACC that was also absent in controls. Moreover,
a disease-specific negative relationship was observed between
ACC activity in the emotional incongruent condition and trait
anxiety.
EMOTIONAL INTERFERENCE IN THE FLANKER TASK IN HEALTHY
CONTROLS
As evident from the RT and accuracy data, a behavioral con-
flict effect was elicited by the incongruent trials, and emotional
salience of the background pictures showed a more pronounced
effect on the processing of incongruent as compared to congruent
flanker stimuli. At a neural level, performance of the flanker task
was associated with increased activation of the dACC in incongru-
ent relative to congruent trials in the healthy controls, replicating
previous results (Botvinick et al., 2004; Fan et al., 2008). Also in
line with earlier studies, the amygdala showed higher activation
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FIGURE 2 | Brain responses: effect of emotion and congruency in the
amygdalae. (A) Effects in HCs. Left panel: Activation in the left amygdala for
the fearful > neutral contrast in the HC group. Right panel: Activation in the
right amygdala for the congruent > incongruent contrast in the HC group.
(B) Effects in BPD patients. Left panel: Activation in the left amygdala for the
fearful > neutral contrast in the BPD group. Right panel: Emotion by
congruency interaction in the amygdala in BPD patients. Plots depict contrast
estimates for the respective peak voxel (±90% confidence intervals).
Conditions: CE, congruent emotional; IE, incongruent emotional; CN,
congruent neutral; IN, incongruent neutral.
during the presentation of fearful as compared to neutral faces
in the HC group (Bush et al., 2000; Whalen et al., 2001; Phan
et al., 2004). Results in healthy controls thus confirm the expected
effect of the flanker stimuli as well as of the fearful face stimuli,
indicating the effectiveness of the current task design.
DYSREGULATION OF FRONTO-LIMBIC INTERACTIONS IN BPD
BPD patients, like healthy controls exhibited the behavioral
flanker effect with higher error rates and lower RTs in the incon-
gruent condition (Table 2). This was mirrored by fMRI activation
of the dACC, the parietal cortex and the dorsolateral and ventro-
lateral prefrontal cortex in the comparison of incongruent to con-
gruent flanker stimuli, which was also observed in both groups.
The dACC is a region consistently found to be activated in tasks
involving cognitive or response conflict (Botvinick et al., 2004;
Fan et al., 2008). It is believed to play an important role as part of a
distributed attention network, with its functions ranging from the
modulation of attention and executive functions by influencing
sensory systems or response selection, over competition monitor-
ing and error detection to complex motor control (Bush et al.,
2000; Botvinick et al., 2004; Mohanty et al., 2007). Activation
of the dACC in the BPD patients and HCs during incongruent
flanker trials indicates that conflict processing or conflict detec-
tion, irrespective of the emotionality of the distracter, does not
differ substantially in the patient group. Similarly, both groups
showed increased amygdala activation to fearful as compared to
neutral faces, also in line with a well-documented responsivity of
the amygdala to emotional stimuli, most prominently fearful faces
(Costafreda et al., 2008). Therefore, our results do not support the
notion that cognitive mechanisms related to attention and con-
flict processing might be fundamentally altered in BPD patients
(Posner et al., 2002). Instead, we observed alterations in more
confined subprocesses of emotional interference on cognitive
conflict processing.
The amygdala has repeatedly been implicated in the process-
ing of negative emotional states, including fear processing and
the recognition of emotional stimuli, especially facial expression
of fear (Whalen et al., 2001; Adolphs, 2002; Amaral, 2002; Pessoa
et al., 2002; Phan et al., 2002, 2004; Murphy et al., 2003; Fitzgerald
et al., 2006; Phelps, 2006). A dysfunction in amygdala reactivity
or its regulation in BPD was therefore hypothesized in our study
as it might represent an important neural mechanism underlying
increased emotional sensitivity and deficient regulation of neg-
ative emotions in BPD. In line with this hypothesis we indeed
observed differential activation patterns as a function of emotion
processing and emotional interference in the bilateral amygdalae.
While a significant activation of the left amygdala as a function of
emotionality (fearful vs. neutral faces) was found in both groups
(Figure 2), healthy controls also showed an increased signal in
the left and right amygdala when comparing the congruent with
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FIGURE 3 | Brain responses: effects of congruency. Top panel:
Activation in the dACC for the incongruent > congruent contrast in the
HC group (upper line) and the BPD group (lower line). Bottom panel:
Plots depict contrast estimates for the respective dACC ROI analysis
peak voxel (±90% confidence intervals) for the HC (in blue) and BPD
group (in red) in the four conditions. Abbreviations: CE, congruent
emotional; IE, incongruent emotional; CN, congruent neutral; IN,
incongruent neutral.
the incongruent flanker condition, irrespective of emotionality.
This amygdala activation as a function of congruency was not
observed in the BPD patients. This result has to be interpreted
with caution due to the lack of a significant effect in the congru-
ency by group interaction, but we tentatively suggest that it might
reflect a diminished down-regulation of amygdala activation in
the incongruent condition in BPD patients, or, more generally,
decreased task-specific modulation of amygdala activity in BPD
(Ruocco et al., 2013). On the other hand, the BPD group exhib-
ited a significant interaction of emotion and congruency in the
right amygdala, which was not observed in healthy control par-
ticipants. Previous investigations of amygdala function in the
processing of emotional stimuli suggest that the left amygdala
is generally recruited more frequently (Costafreda et al., 2008).
The right amygdala, on the other hand, appears to be more sen-
sitive to subliminally presented emotional stimuli (Morris et al.,
1999; Costafreda et al., 2008), and meta-analyses suggest that,
more generally, the left and right amygdalae differ in the tem-
poral dynamics of their responses to emotionally salient stimuli
(Sergerie et al., 2008). In the present study, BPD patients exhib-
ited a stronger response of the right amygdala in the emotional
incongruent condition as compared to the emotional congru-
ent condition (Figure 2B, right panel). Given the responsivity of
the right amygdala to subliminally presented emotional stimuli
(Costafreda et al., 2008; Sergerie et al., 2008), we suggest that
patients might be able to suppress right amygdala activity by
means of emotion regulation in the congruent condition, but
not under higher cognitive resource demand of the incongru-
ent condition. An increased responsivity to subliminal negative
emotional stimuli in BPD has also been demonstrated in a recent
study on attentional bias to fearful faces that was observed in
BPD patients during very rapid presentation of the stimuli (Jovev
et al., 2012). The notion that the emotion by congruency interac-
tion in the amygdala seen in the patients was not observed in the
healthy controls might suggest that, in the healthy population, a
right amygdala response, albeit being potentially relatively auto-
matic (Morris et al., 1999), can be suppressed by a demanding
cognitive task. In BPD, on the other hand, this suppression of the
fast, automatic, right amygdala response might require additional
neurocognitive resources and therefore be impaired during per-
formance of demanding tasks. A further aspect of the observed
pattern of right amygdala activation in the patient group is the
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FIGURE 4 | Brain responses: group by emotion interaction. (A) BPDemo>neut > HCemo > neut in the dACC. (B) BPDemo>neut > HCemo > neut in the rACC.
Plots depict contrast estimates for the peak voxel of the respective contrast (±90% confidence intervals) in healthy controls (in blue) and BPD patients (in red).
presence of a robust right amygdala response to neutral face stim-
uli in the congruent condition. One limitation in this context
is that participants did not explicitly rate the emotional expres-
sions of the face stimuli. Our finding is, however, compatible
with a previously observed negativity bias in BPD patients that
is accompanied by an increased amygdala response to neutral
facial expressions in BPD (Wagner and Linehan, 1999; Donegan
et al., 2003) and with BPD patients showing a heightened emo-
tional sensitivity to facial expressions in general (Lynch et al.,
2006).
THE ROLE OF THE ACC IN EMOTION REGULATION AND THE
MODULATORY INFLUENCE OF TRAIT ANXIETY
The most prominent between-group difference as a function
of emotional salience was observed in the dACC and, to a
lesser extent, in the rACC/mPFC. BPD patients exhibited some-
what lower dACC activation in the incongruent relative to the
congruent flanker condition (albeit not in a direct comparui-
son with the healthy controls; see Figure 3). On the other
hand, an increased dACC—and rACC/mPFC—activation was
observed in the patients during presentation of emotional faces
(Figure 4), a pattern that showed a trend into the opposite
direction in the HC group (Figure 4). Given the comparable
behavioral performance in both group, we suggest that this
result is indicative of a putatively disorder-specific neural mech-
anism in BPD patients, leading to an atypical recruitment of an
extended ACC region that encompasses both the dACC involved
in attentional control and the more rostral region of the pre-
genual ACC, a portion of the rACC/mPFC complex that has
been linked to cognitive processing of emotions, such as the
appraisal of fear responses (Mohanty et al., 2007; Etkin et al.,
2011).
In addition to the overall increased response of the extended
ACC in fearful relative to neutral trials, brain behavior cor-
relations of the STAI-trait scores with both dACC and rACC
activation in the emotional high conflict condition (incongru-
ent vs. congruent flanker trials with fearful distracters) revealed
a significant negative relationship between trait anxiety and ACC
activation during emotional high conflict trials in the BPD, but
not in the HC group [Note: while the correlation was nominally
negative in the HCs as well, it did not approach significance].
Previous studies had demonstrated diminished rACC responses
in BPD patients (Minzenberg et al., 2007; Wingenfeld et al., 2009),
a finding that could not be confirmed by our study, but instead,
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FIGURE 5 | Brain-behavior correlations: STAI (trait). (A) Left panel:
Non-overlapping ROIs for the dACC (yellow) and rACC (green). Middle and
right panel: rendered dACC and rACC ROI. (B) Correlation of the STAI trait
score with activation in the rACC and (C) activation in the dACC in the fearful
condition for the contrast inc > cong (solid lines represent regression lines,
dashed lines 95% prediction bounds). Left panel: BPD group. Middle panel:
HC group. Right panel: Boxplot for the bootstrap-sample correlations
(BPD group: red, HC group: blue).
Table 9 | Brain-behavior correlations; STAI (trait).
Region Contrast Correlation Bootstrap SD Statistics
BPD HC BPD HC Mann–Whitney test Cohen’s d
rACC
Fearful Incongruent > congruent −0.60* −0.24 0.18 0.26 z = −30.20, p < 0.001 1.62
Neutral Incongruent > congruent 0.31 0.13
dACC
Fearful Incongruent > congruent −0.57* 0.08 0.19 0.25 z = −37.13, p < 0.001 3.71
Neutral Incongruent > congruent −0.28 −0.33
Pearson correlation coefficients for the BPD and HC group. For the Bootstrap samples Standard deviations of the samples are given. Mann–Whitney tests were
calculated for the bootstrap sample (n = 16; N = 1000); Cohen’s d was calculated with empirical correlation values (with pooled SD of SD estimates from the
bootstrap samples); *Significant at p < 0.05.
our results indicate a disease-specific modulatory effect of trait
anxiety on ACC function in BPD. One reason for this appar-
ently diverging result might be the degree of emotion processing
elicited by performance of the task at hand in the different studies.
In both the gender discrimination task employed by Minzenberg
et al. and the emotional Stroop task used by Wingenfeld et al.
explicit processing of the emotional information was required for
successful task performance. In our study, on the other hand,
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the face stimuli were completely task-irrelevant, and any atten-
tion directed to them could have interfered with performance.
We tentatively suggest that patients were largely successful at
allocating additional cognitive resources to ACC-dependent emo-
tion regulation and, by upregulating activity of the rACC (and
dACC), they were able to compensate for their reduced processing
efficiency (possibly similarly to patients with deficits in PFC-
dependent cognitive control; see MacDonald et al., 2006) and
thus performed the task with a performance largely comparable
to that of healthy controls. On the other hand, the patients’ abil-
ity to recruit ACC regions in situations requiring a higher focus
of attention seems thus to be detrimentally affected by their indi-
vidual degree of trait anxiety. As evident from the brain-behavior
correlations, the individual STAI-trait scores were specifically
associated with the differential activation in the ACC in the incon-
gruent as compared to the congruent condition with emotional
distracters. It thus seems that the impact of higher anxiety on
ACC activation in the BPD group only becomes relevant, when
the task is sufficiently demanding, and the influence emotional
distracters exert over cognitive processing therefore needs to be
suppressed. Compatibly, trait anxiety showed a positive correla-
tion with RTs in the BPD group, suggesting that higher anxiety
might act as an endogenous attention setting (Reeck et al., 2012)
and thereby lead to dysfunctional allocation of cognitive resources
to processing of the emotional distracters and adversely affect the
ACC-mediated compensatory mechanisms. The observed nega-
tive relationship between anxiety and ACC activation is com-
patible with previous results suggesting a relationship between
anxiety and deficient inhibition as well as altered processing of
negative information in BPD patients (Domes et al., 2006). While
Domes and colleagues observed most pronounced effects of anx-
iety for state rather than trait anxiety, our results suggest that,
at the level or brain activity and subtle RT differences, trait dif-
ferences of individual anxiety might exert qualitatively similar
effects.
While the negative correlation between ACC activation and
trait anxiety was restricted to the patient group here, a recent
study also reported a similar result in healthy participants
(Klumpp et al., 2011). In that study, trait anxiety inversely pre-
dicted the response of the rACC to attended relative to unat-
tended angry faces, while no comparable negative correlation was
observed for fearful faces. The authors suggested that the attended
angry faces might pose a stronger perceived direct threat than the
fearful faces. In the present study, faces were always unattended,
and no relationship between ACC activation and trait anxiety was
observed in the HC group. In BPD patients, on the other hand,
the face stimuli were apparently sufficiently salient that the neg-
ative relationship of trait anxiety and ACC activity was observed
to faces that were not attended and most likely signaled an indi-
rect rather than a direct threat. This observation is compatible
with the notion that BPD patients exhibit a cognitive processing
bias toward emotionally negative, socially salient stimuli (Barnow
et al., 2009; Dyck et al., 2009).
While we had initially hypothesized that trait anxiety might
differentially correlate with dACC vs. rACC activation, we
observed that the increased activation in the emotional condition
irrespective of congruency as well as the negative correlation of
the BOLD signal in the emotional incongruent condition with
trait anxiety were observed in both the dACC and the rACC.
Such an apparently cooperative activation of the dACC, a brain
structure that is primarily thought to be involved in cognitive
conflict processing, and the pregenual ACC, a region that is
thought to belong to a network of regions associated with the reg-
ulation of affective processing (Bush et al., 2000; Mohanty et al.,
2007; Etkin et al., 2011), may at first appear somewhat counter-
intuitive, as the two structures are generally thought to belong
to distinct networks that are, at least during rest, often found to
be negatively correlated (Margulies et al., 2007). However, stud-
ies of emotion regulation have shown that dACC activation is
commonly found during voluntary, explicit regulatory processes
like reappraisal, whereas rACC activation might reflect automatic
shifting of attention toward or away from aversive emotional
information (Phillips et al., 2008). In the present study, it seems
conceivable that participants might have employed a mixed strat-
egy comprising both voluntary and automatic emotion regulation
strategies. Moreover, it has recently been suggested that the dis-
sociation of a “cognitive” dACC and an “affective” rACC might
no longer be as strongly tenable as previously, with both sub-
regions of the ACC being involved in the regulation of affective
processing and in the appraisal of emotional material (Etkin et al.,
2011). Specifically, the dACC has been implicated in emotional
conflict processing, and activation of the rACC has been linked to
appraisal and regulation of emotions, with previous studies hav-
ing shown diminished rACC responses in BPD patients that were
accompanied by increased amygdala activity (Minzenberg et al.,
2007).
EMOTIONAL OR SOCIAL INTERFERENCE—OR BOTH?
In the present study, when viewing fearful pictures as compared
to neutral ones increased activation was observed not only in the
amygdala but also fusiform cortex and primary visual processing
areas in both groups. Besides modulating emotional responses,
the amygdala is thought to interact with sensory processing via
backprojections to and a modulation of fusiform cortex and
early sensory processing regions (Ledoux, 2000; Vuilleumier et al.,
2004; Sabatinelli et al., 2005; Vuilleumier, 2005; Phelps, 2006;
Vuilleumier and Pourtois, 2007), thereby enhancing activity in
these regions and biasing further perceptual processing through
attentional amplification. A subregion of the fusiform cortex
has been shown to selectively respond to face stimuli and has
thus been commonly referred to as the FFA (Vuilleumier et al.,
2004; Vuilleumier, 2005; Vuilleumier and Pourtois, 2007). The
observed upregulation of the visual processing stream in response
to fearful face stimuli is consistent with the previous literature
(Vuilleumier et al., 2001; Sabatinelli et al., 2005) and is indicative
of an enhanced representation of fearful as compared to neutral
faces in the FFA. In contrast to previous studies (Herpertz et al.,
2001; Koenigsberg et al., 2009) we did not find a greater signal
increase in the FFA or primary visual areas for BPD as compared
to healthy controls. Patients though did show an effect in the FFA
with greater signal intensities in the congruent vs. incongruent
trials that mirrored the amygdala response pattern observed in the
healthy controls. Previous studies suggest that FFA activity often
follows the same pattern as that one observed in the amygdala
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(Vuilleumier et al., 2004; Vuilleumier, 2005). Here, however,
Borderline patients exhibited a response pattern to task-irrelevant
faces as a function of task difficulty that did not correspond
to that of the (right) amygdala, where a complex interaction
between congruency and emotional salience of the background
pictures was observed. Given the previously reported amygdala
response even to neutral faces in BPD (Donegan et al., 2003) and
the well-known difficulties in social interactions of BPD patients
(Lopes et al., 2005; Koenigsberg et al., 2009; Preißler et al., 2010;
Dziobek et al., 2011), we cannot exclude that the response pattern
observed here might be specific to face stimuli or possibly social
stimuli in general. Future studies should employ other aversive
stimuli, such as (non-social) IAPS pictures (Wiswede et al., 2009),
to differentiate between effects of social processing and unspecific
emotional interference.
LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH
The sample size in the present study was modest, though com-
parable to that of most functional imaging studies of psychiatric
populations. Nevertheless a failure to detect possible differences
at a behavioral level might be explained by a lack of statistical
power, given a complex factorial design like the present one. Also,
because our sample consisted of only female patients with rel-
atively typical clinical presentation, we cannot make conclusive
inferences for male BPD patients who make up a smaller pro-
portion of all BPD patients and often exhibit atypical clinical
features.
A further limitation is that the contribution of comorbid psy-
chiatric disorders in the patient group to the experimental find-
ings remains unclear. However, comorbid disorders are typically
observed in the BPD population and exclusion of any comorbidi-
ties would have led to the sampling of a non-representative patient
group. It should also be noted that the sample did not include any
patients with a comorbid generalized anxiety disorder and only
one patient with co-morbid panic disorder, making it unlikely
that Axis I anxiety disorders can explain the present results.
It must also be note that the present study focused exclu-
sively on fearful faces and anxiety as a negative emotion, but we
cannot exclude a different outcome when investigating other neg-
ative or positive emotions. While most pronounced emotional
interference was to be expected after presentation of fearful faces
in BPD patients, future studies should also address the effects of
other negative and also on positive emotions on cognitive pro-
cessing, particularly in the light of a general bias toward negative
emotions in BPD. This line of research could also be pursued in
other patient groups with affective dysregulation, such as patients
with posttraumatic-stress disorder or bipolar disorder.
CONCLUSIONS
In the present functional neuroimaging study, we directly inves-
tigated the interference of task-irrelevant emotional information
on an attention-demanding cognitive process in BPD. Our results
demonstrate that BPD patients exhibit an atypical response of
the right amygdala, which might be related to an increased
implicit processing of irrelevant negative emotional information.
Behaviorally, patients were able to compensate for this, possibly
by enhanced recruitment of dACC and rACC structures involved
in emotion regulation. The observed disorder-specific negative
relationship between trait anxiety and ACC response in the emo-
tional incongruent condition further suggests that anxiety might
be an important factor determining the vulnerability of cognitive
processing to emotional interference in Borderline patients.
ACKNOWLEDGMENTS
The authors would like to thank Jürgen Baudewig, Ricardo
Heydenblut and Christian Kainz for their expert technical sup-
port during MRI data acquisition. We further thank Léonie
Trouillet for help with data acquisition and analysis and Hauke
Heekeren for his helpful comments on the manuscript. Last but
not least, we express our gratitude to all patients and healthy con-
trols who participated in the study. This work was supported
by the German Research Foundation (Cluster of Excellence
“Language of Emotion,” EXC 302 and SFB 779, TP A8) and
the Bundesministerium für Bildung und Forschung (Pakt für
Forschung und Innovation).
SUPPLEMENTARY MATERIAL




Adolphs, R. (2002). Neural systems for
recognizing emotion. Curr. Opin.
Neurobiol. 12, 169–177.
Amaral, D. G. (2002). The primate
amygdala and the neurobiology of
social behavior: implications for
understanding social anxiety. Biol.
Psychiatry 51, 11–17.
Amunts, K., Kedo, O., Kindler, M.,
Pieperhoff, P., Mohlberg, H., Shah,
N. J., et al. (2005). Cytoarchitectonic
mapping of the human amygdala,
hippocampal region and entorhinal
cortex: intersubject variability and
probability maps. Anat. Embryol.
(Berl.) 210, 343–352.
Amunts, K., Malikovic, A., Mohlberg,
H., Schormann, T., and Zilles,
K. (2000). Brodmann’s areas 17
and 18 brought into stereotaxic
space-where and how variable?
Neuroimage 11, 66–84.
Amunts, K., Schleicher, A., Burgel, U.,
Mohlberg, H., Uylings, H. B., and
Zilles, K. (1999). Broca’s region
revisited: cytoarchitecture and
intersubject variability. J. Comp.
Neurol. 412, 319–341.
Arntz, A., Appels, C., and Sieswerda,
S. (2000). Hypervigilance in
borderline disorder: a test with the
emotional Stroop paradigm. J. Pers.
Disord. 14, 366–373.
Barnow, S., Stopsack, M., Grabe, H. J.,
Meinke, C., Spitzer, C., Kronmüller,
K., et al. (2009). Interpersonal eval-
uation bias in borderline personal-
ity disorder. Behav. Res. Ther. 47,
359–365.
Bazanis, E., Rogers, R. D., Dowson, J.
H., Taylor, P., Meux, C., Staley, C.,
et al. (2002). Neurocognitive
deficits in decision-making
and planning of patients with
DSM-III-R borderline person-
ality disorder. Psychol. Med. 32,
1395–1405.
Beblo, T., Saavedra, A. S., Mensebach,
C., Lange, W., Markowitsch,
H. J., Rau, H., et al. (2006).
Deficits in visual functions and
neuropsychological inconsistency
in borderline personality disorder.
Psychiatry Res. 145, 127–135.
Benjamin, J., Silk, K. R., Lohr, N. E.,
and Westen, D. (1989). The rela-
tionship between borderline per-
sonality disorder and anxiety dis-
orders. Am. J. Orthopsychiatry 59,
461–467.
Blum, N., St John, D., Pfohl, B.,
Stuart, S., McCormick, B., Allen,
J., et al. (2008). Systems Training
for Emotional Predictability and
Problem Solving (STEPPS) for out-
patients with borderline personality
disorder: a randomized controlled
Frontiers in Human Neuroscience www.frontiersin.org March 2013 | Volume 7 | Article 54 | 18
Holtmann et al. Emotional interference in borderline personality disorder
trial and 1-year follow-up. Am. J.
Psychiatry 165, 468–478.
Bohus, M., Limberger, M. F., Frank,
U., Sender, I., Gratwohl, T.,
and Stieglitz, R. D. (2001).
[Development of the Borderline
Symptom List]. Psychother.
Psychosom. Med. Psychol. 51,
201–211.
Bollen, K. A., and Jackman, R. W.
(1990). “Regression diagnostics: an
expository treatment of outliers
and influential cases,” in Modern
Methods of Data Analysis, eds J. Fox
and J. S. Long (Newbury Park, CA:
Sage), 257–291.
Botvinick, M. M., Cohen, J. D., and
Carter, C. S. (2004). Conflict mon-
itoring and anterior cingulate cor-
tex: an update. Trends Cogn. Sci. 8,
539–546.
Brendel, G. R., Stern, E., and
Silbersweig, D. A. (2005). Defining




Bush, G., Luu, P., and Posner, M.
I. (2000). Cognitive and emotional
influences in anterior cingulate cor-
tex. Trends Cogn. Sci. 4, 215–222.
Caspers, S., Geyer, S., Schleicher, A.,
Mohlberg, H., Amunts, K., and
Zilles, K. (2006). The human infe-
rior parietal cortex: cytoarchitec-
tonic parcellation and interindi-
vidual variability. Neuroimage 33,
430–448.
Choi, H. J., Zilles, K., Mohlberg,
H., Schleicher, A., Fink, G. R.,
Armstrong, E., et al. (2006).
Cytoarchitectonic identification
and probabilistic mapping of two
distinct areas within the anterior
ventral bank of the human intra-
parietal sulcus. J. Comp. Neurol.
495, 53–69.
Cook, R. D., and Weisberg, S.
(1982). Residuals and Influence
in Regression. New York, NY:
Chapman and Hall.
Costafreda, S. G., Brammer, M. J.,
David, A. S., and Fu, C. H. (2008).
Predictors of amygdala activation
during the processing of emotional
stimuli: a meta-analysis of 385 PET
and fMRI studies. Brain Res. Rev. 58,
57–70.
Cullen, K. R., Vizueta, N., Thomas,
K. M., Han, G. J., Lim, K. O.,
Camchong, J., et al. (2011).
Amygdala functional connectivity
in young women with borderline
personality disorder. Brain Connect.
1, 61–71.
Davidson, R. J., Jackson, D. C., and
Kalin, N. H. (2000). Emotion,
plasticity, context, and regula-
tion: perspectives from affective
neuroscience. Psychol. Bull. 126,
890–909.
Dell’Osso, B., Berlin, H. A., Serati,
M., and Altamura, A. C. (2010).
Neuropsychobiological aspects,
comorbidity patterns and
dimensional models in bor-
derline personality disorder.
Neuropsychobiology 61, 169–179.
Domes, G., Schulze, L., and Herpertz,
S. C. (2009). Emotion recognition
in borderline personality disorder-
a review of the literature. J. Pers.
Disord. 23, 6–19.
Domes, G., Winter, B., Schnell, K.,
Vohs, K., Fast, K., and Herpertz,
S. C. (2006). The influence of
emotions on inhibitory functioning
in borderline personality disorder.
Psychol. Med. 36, 1163–1172.
Donegan, N. H., Sanislow, C. A.,
Blumberg, H. P., Fulbright, R. K.,
Lacadie, C., Skudlarski, P., et al.
(2003). Amygdala hyperreactivity
in borderline personality disor-
der: implications for emotional
dysregulation. Biol. Psychiatry 54,
1284–1293.
Dyck, M., Habel, U., Slodczyk,
J., Schlummer, J., Backes, V.,
Schneider, F., et al. (2009).
Negative bias in fast emotion
discrimination in borderline per-
sonality disorder. Psychol. Med. 39,
855–864.
Dziobek, I., Preissler, S., Grozdanovic,
Z., Heuser, I., Heekeren, H. R., and
Roepke, S. (2011). Neuronal corre-
lates of altered empathy and social
cognition in borderline personality
disorder. Neuroimage 57, 539–548.
Efron, B. (1979). Bootstrap methods:
another look at the jackknife. Ann.
Stat. 7, 1–26.
Eickhoff, S. B., Heim, S., Zilles, K.,
and Amunts, K. (2006a). Testing
anatomically specified hypotheses
in functional imaging using cytoar-
chitectonic maps. Neuroimage 32,
570–582.
Eickhoff, S. B., Amunts, K., Mohlberg,
H., and Zilles, K. (2006b). The
human parietal operculum. II.
Stereotaxic maps and correlation
with functional imaging results.
Cereb. Cortex 16, 268–279.
Eickhoff, S. B., Schleicher, A., Zilles,
K., and Amunts, K. (2006c). The
human parietal operculum. I.
Cytoarchitectonic mapping of
subdivisions. Cereb. Cortex 16,
254–267.
Eickhoff, S. B., Stephan, K. E.,
Mohlberg, H., Grefkes, C., Fink,
G. R., Amunts, K., et al. (2005). A
new SPM toolbox for combining
probabilistic cytoarchitectonic
maps and functional imaging data.
Neuroimage 25, 1325–1335.
Eriksen, B. A., and Eriksen, C. W.
(1974). Effects of noise let-
ters upon the identification of
a target letter in a nonsearch
task. Percept. Psychophys. 16,
143–149.
Etkin, A., Egner, T., and Kalisch, R.
(2011). Emotional processing in
anterior cingulate and medial pre-
frontal cortex. Trends Cogn. Sci. 15,
85–93.
Fan, J., Hof, P. R., Guise, K. G., Fossella,
J. A., and Posner, M. I. (2008). The
functional integration of the ante-
rior cingulate cortex during con-
flict processing. Cereb. Cortex 18,
796–805.
Fenske, M. J., and Eastwood, J. D.
(2003). Modulation of focused
attention by faces expressing emo-
tion: evidence from flanker tasks.
Emotion 3, 327–343.
First, M. B., Gibbon, M., Spitzer,
R. L., Williams, J. B. W., and
Benjamin, L. S. (1997). Structured
Clinical Interview for DSM-IV
Axis II Personality Disorders
(SCID-II). Washington, DC:
American Psychiatric Press, Inc.
First, M. B., Spitzer, R. L., Gibbon,
M., and Williams, J. B. W. (1996).
Structured Clinical Interview for
DSM-IV Axis I Disorders, Clinician
Version (SCID-CV). Washington,
DC: American Psychiatric Press,
Inc.
Fitzgerald, D. A., Angstadt, M., Jelsone,
L. M., Nathan, P. J., and Phan, K.
L. (2006). Beyond threat: amygdala
reactivity across multiple expres-
sions of facial affect. Neuroimage 30,
1441–1448.
Franke, G. H. (2002). SCL-90-R.
Symptom-Checkliste von L. R
Derogatis – Deutsche Version –
Manual: 2, vollständig überarbeit-
ete und neu normierte Auflage.
Göttingen: Beltz Test GmbH.
Geyer, S. (2004). The microstructural
border between the motor and the
cognitive domain in the human
cerebral cortex. Adv. Anat. Embryol.
Cell Biol. 174, I–VIII, 1–89.
Geyer, S., Ledberg, A., Schleicher,
A., Kinomura, S., Schormann, T.,
Burgel, U., et al. (1996). Two dif-
ferent areas within the primary
motor cortex of man. Nature 382,
805–807.
Geyer, S., Schleicher, A., and Zilles,
K. (1999). Areas 3a, 3b, and 1 of
human primary somatosensory cor-
tex. Neuroimage 10, 63–83.
Grant, J. E., Correia, S., Brennan-
Krohn, T., Malloy, P. F., Laidlaw,
D. H., and Schulz, S. C. (2007).
Frontal white matter integrity
in borderline personality disor-
der with self-injurious behavior.
J. Neuropsychiatry Clin. Neurosci.
19, 383–390.
Gross, J. J. (2002). Emotion regula-
tion: affective, cognitive, and social
consequences. Psychophysiology 39,
281–291.
Gross, J. J., and Muñoz, R. F. (1995).
Emotion regulation and mental
health. Clin. Psychol. Sci. Pract. 2,
151–164.
Gunderson, J. G., and Lyons-Ruth,
K. (2008). BPD’s interpersonal
hypersensitivity phenotype: a gene-
environment developmental model.
J. Pers. Disord. 22, 22–41.
Hamann, S., and Canli, T. (2004).
Individual differences in emotion
processing. Curr. Opin. Neurobiol.
14, 233–238.
Hautzinger, M., Bailer, M., Worall,
H., and Keller, F. (1994). Beck-
Depressions-Inventar (BDI). Bern:
Huber.
Herpertz, S. C., Dietrich, T. M.,
Wenning, B., Krings, T., Erberich,
S. G., Willmes, K., et al. (2001).
Evidence of abnormal amygdala
functioning in borderline per-
sonality disorder: a functional
MRI study. Biol. Psychiatry 50,
292–298.
Horn, W. (1983). Leistungsprüfsystem
L-P-S. Göttingen: Hogrefe.
Jacob, G. A., Hellstern, K., Ower,
N., Pillmann, M., Scheel, C. N.,
Rusch, N., et al. (2009). Emotional
reactions to standardized stimuli
in women with borderline per-
sonality disorder: stronger nega-
tive affect, but no differences in
reactivity. J. Nerv. Ment. Dis. 197,
808–815.
Jovev, M., Green, M., Chanen, A.,
Cotton, S., Coltheart, M., and
Jackson, H. (2012). Attentional
processes and responding to affec-
tive faces in youth with borderline
personality features. Psychiatry Res.
199, 44–50.
Judd, P. A. (2012). Neurocognitive
deficits in borderline personality
disorder: implications for treat-
ment. Psychodyn. Psychiatry 40,
91–110.
Klumpp, H., Ho, S. S., Taylor, S. F.,
Phan, K. L., Abelson, J. L., and
Liberzon, I. (2011). Trait anxiety
modulates anterior cingulate activa-
tion to threat interference. Depress.
Anxiety 28, 194–201.
Koenigsberg, H. W., Siever, L. J.,
Lee, H., Pizzarello, S., New, A.
S., Goodman, M., et al. (2009).
Neural correlates of emotion
processing in borderline person-
ality disorder. Psychiatry Res. 172,
192–199.
Korfine, L., and Hooley, J. M. (2000).
Directed forgetting of emotional
Frontiers in Human Neuroscience www.frontiersin.org March 2013 | Volume 7 | Article 54 | 19
Holtmann et al. Emotional interference in borderline personality disorder
stimuli in borderline personality
disorder. J. Abnorm. Psychol. 109,
214–221.
Kriegeskorte, N., Lindquist, M. A.,
Nichols, T. E., Poldrack, R. A.,
and Vul, E. (2010). Everything you
never wanted to know about cir-
cular analysis, but were afraid to
ask. J. Cereb. Blood Flow Metab. 30,
1551–1557.
Kurth, F., Eickhoff, S. B., Schleicher, A.,
Hoemke, L., Zilles, K., and Amunts,
K. (2010). Cytoarchitecture and
probabilistic maps of the human
posterior insular cortex. Cereb.
Cortex 20, 1448–1461.
Larson, M. J., Perlstein, W. M., Stigge-
Kaufman, D., Kelly, K. G., and
Dotson, V. M. (2006). Affective
context-induced modulation of the
error-related negativity. Neuroreport
17, 329–333.
Ledoux, J. E. (2000). Emotion circuits
in the brain. Annu. Rev. Neurosci. 23,
155–184.
Lehrl, S. (2005). Mehrfachwahl-
Wortschatz-Intelligenztest: MWT-B.
5. Aufl., Balingen: Spitta.
Lieb, K., Zanarini, M. C., Schmahl,
C., Linehan, M. M., and Bohus, M.
(2004). Borderline personality dis-
order. Lancet 364, 453–461.
Lilliefors, H. (1967). On the
kolmogorov-smirnov test for
normality with mean and variance
unknown. J. Am. Stat. Assoc. 62,
399–402.
Linehan, M. M. (1993). Cognitive-
Behavioral Treatment of Borderline
Personality Disorder. New York, NY:
Guilford Press.
Lis, E., Greenfield, B., Henry, M.,
Guile, J. M., and Dougherty, G.
(2007). Neuroimaging and genetics
of borderline personality disorder:
a review. J. Psychiatry Neurosci. 32,
162–173.
Lopes, P. N., Salovey, P., Cote, S.,
and Beers, M. (2005). Emotion
regulation abilities and the qual-
ity of social interaction. Emotion 5,
113–118.
Lundqvist, D., Flykt, A., and Öhman,
A. (1998). The Karolinska Directed
Emotional Faces. KDEF, CD ROM
from department of clinical
neuroscience, psychology sec-
tion, Karolinska Institutet. ISBN
91-630-7164–7169.
Lynch, T. R., Rosenthal, M. Z., Kosson,
D. S., Cheavens, J. S., Lejuez,
C. W., and Blair, R. J. (2006).
Heightened sensitivity to facial
expressions of emotion in border-
line personality disorder. Emotion 6,
647–655.
MacDonald, S. W., Nyberg, L.,
and Bäckman, L. (2006). Intra-
individual variability in behavior:
links to brain structure, neuro-
transmission and neuronal activity.
Trends Neurosci. 29, 474–480.
Malikovic, A., Amunts, K., Schleicher,
A., Mohlberg, H., Eickhoff, S.
B., Wilms, M., et al. (2007).
Cytoarchitectonic analysis of the
human extrastriate cortex in the
region of V5/MT+: a probabilistic,
stereotaxic map of area hOc5. Cereb.
Cortex 17, 562–574.
Margulies, D. S., Kelly, A. M., Uddin, L.
Q., Biswal, B. B., Castellanos, F. X.,
and Milham, M. P. (2007). Mapping
the functional connectivity of ante-
rior cingulate cortex. Neuroimage
37, 579–588.
Mauchnik, J., and Schmahl, C. (2010).
The latest neuroimaging findings
in borderline personality disorder.
Curr. Psychiatry Rep. 12, 46–55.
Minzenberg, M. J., Fan, J., New, A.
S., Tang, C. Y., and Siever, L. J.
(2007). Fronto-limbic dysfunction
in response to facial emotion in
borderline personality disorder: an
event-related fMRI study. Psychiatry
Res. 155, 231–243.
Mohanty, A., Engels, A. S., Herrington,
J. D., Heller, W., Ho, M. H., Banich,
M. T., et al. (2007). Differential
engagement of anterior cingulate
cortex subdivisions for cogni-
tive and emotional function.
Psychophysiology 44, 343–351.
Monarch, E. S., Saykin, A. J.,
and Flashman, L. A. (2004).
Neuropsychological impairment
in borderline personality disorder.
Psychiatr. Clin. North Am. 27,
67–82. viii–ix.
Morosan, P., Rademacher, J., Schleicher,
A., Amunts, K., Schormann, T.,
and Zilles, K. (2001). Human
primary auditory cortex: cytoar-
chitectonic subdivisions and
mapping into a spatial refer-
ence system. Neuroimage 13,
684–701.
Morris, J. S., Ohman, A., and Dolan,
R. J. (1999). A subcortical path-
way to the right amygdala mediating
“unseen” fear. Proc. Natl. Acad. Sci.
U.S.A. 96, 1680–1685.
Murphy, F. C., Nimmo-Smith, I., and
Lawrence, A. D. (2003). Functional
neuroanatomy of emotions: a
meta-analysis. Cogn. Affect. Behav.
Neurosci. 3, 207–233.
New, A. S., Hazlett, E. A., Buchsbaum,
M. S., Goodman, M., Mitelman,
S. A., Newmark, R., et al. (2007).
Amygdala-prefrontal disconnection
in borderline personality disor-
der. Neuropsychopharmacology 32,
1629–1640.
Ochsner, K. N., and Gross, J. J. (2005).
The cognitive control of emotion.
Trends Cogn. Sci. 9, 242–249.
Patton, J. H., Stanford, M. S., and
Barratt, E. S. (1995). Factor
structure of the Barratt impul-
siveness scale. J. Clin. Psychol. 51,
768–774.
Pessoa, L., McKenna, M., Gutierrez, E.,
and Ungerleider, L. G. (2002).
Neural processing of emo-
tional faces requires attention.
Proc. Natl. Acad. Sci. U.S.A. 99,
11458–11463.
Phan, K. L., Wager, T., Taylor, S. F.,
and Liberzon, I. (2002). Functional
neuroanatomy of emotion: a meta-
analysis of emotion activation stud-
ies in PET and fMRI. Neuroimage
16, 331–348.
Phan, K. L., Wager, T. D., Taylor, S. F.,
and Liberzon, I. (2004). Functional
neuroimaging studies of human
emotions. CNS Spectr. 9, 258–266.
Phelps, E. A. (2006). Emotion and
cognition: insights from studies of
the human amygdala. Annu. Rev.
Psychol. 57, 27–53.
Phillips, M. L., Ladouceur, C. D., and
Drevets, W. C. (2008). A neu-
ral model of voluntary and auto-
matic emotion regulation: implica-
tions for understanding the patho-
physiology and neurodevelopment
of bipolar disorder. Mol. Psychiatry
13, 833–857.
Posner, M. I., Rothbart, M. K., Vizueta,
N., Levy, K. N., Evans, D. E.,
Thomas, K. M., et al. (2002).
Attentional mechanisms of bor-
derline personality disorder.
Proc. Natl. Acad. Sci. U.S.A. 99,
16366–16370.
Preißler, S., Dziobek, I., Ritter, K.,
Heekeren, H. R., and Roepke,
S. (2010). Social cognition in
borderline personality disorder:
evidence for disturbed recogni-
tion of the emotions, thoughts,
and intentions of others. Front.
Behav. Neurosci. 4:182. doi:
10.3389/fnbeh.2010.00182
Preuss, U. W., Rujescu, D., Giegling,
I., Koller, G., Bottlender, M., Engel,
R. R., et al. (2003). [Factor struc-
ture and validity of a german ver-
sion of the barratt impulsiveness
scale]. Fortschr. Neurol. Psychiatr.
71, 527–534.
Reeck, C., LaBar, K. S., and Egner, T.
(2012). Neural mechanisms medi-
ating contingent capture of atten-
tion by affective stimuli. J. Cogn.
Neurosci. 24, 1113–1126.
Richter, S., Gorny, X., Marco-Pallares,
J., Krämer, U. M., Machts, J.,
Barman, A., et al. (2011). A
potential role for a genetic
variation of AKAP5 in human
aggression and anger control.
Front. Hum. Neurosci. 5:175. doi:
10.3389/fnhum.2011.00175
Rottschy, C., Eickhoff, S. B., Schleicher,
A., Mohlberg, H., Kujovic, M.,
Zilles, K., et al. (2007). Ventral visual
cortex in humans: cytoarchitectonic
mapping of two extrastriate areas.
Hum. Brain Mapp. 28, 1045–1059.
Ruchsow, M., Groen, G., Kiefer,
M., Hermle, L., Spitzer, M.,
and Falkenstein, M. (2008a).
Impulsiveness and ERP compo-
nents in a Go/Nogo task. J. Neural
Transm. 115, 909–915.
Ruchsow, M., Groen, G., Kiefer, M.,
Buchheim, A., Walter, H., Martius,
P., et al. (2008b). Response inhibi-
tion in borderline personality dis-
order: event-related potentials in a
Go/Nogo task. J. Neural Transm.
115, 127–133.
Ruocco, A. C. (2005). The neuropsy-
chology of borderline personality
disorder: a meta-analysis and
review. Psychiatry Res. 137,
191–202.
Ruocco, A. C., Amirthavasagam, S.,
Choi-Kain, L. W., McMain, S.
F. (2013). Neural correlates of
negative emotionality in bor-
derline personality disorder:
an activation-likelihood-estimation
meta-analysis. Biol. Psychiatry 73,
153–160.
Rusch, N., Bracht, T., Kreher, B. W.,
Schnell, S., Glauche, V., Il’yasov, K.
A., et al. (2010). Reduced inter-
hemispheric structural connectivity
between anterior cingulate cortices
in borderline personality disorder.
Psychiatry Res. 181, 151–154.
Sabatinelli, D., Bradley, M. M.,
Fitzsimmons, J. R., and Lang,
P. J. (2005). Parallel amygdala
and inferotemporal activation
reflect emotional intensity and
fear relevance. Neuroimage 24,
1265–1270.
Scheperjans, F., Eickhoff, S. B., Homke,
L., Mohlberg, H., Hermann,
K., Amunts, K., et al. (2008).
Probabilistic maps, morphometry,
and variability of cytoarchitec-
tonic areas in the human superior
parietal cortex. Cereb. Cortex 18,
2141–2157.
Schmahl, C., and Bremner, J. D. (2006).
Neuroimaging in borderline per-
sonality disorder. J. Psychiatr. Res.
40, 419–427.
Schmahl, C. G., Elzinga, B. M.,
Vermetten, E., Sanislow, C.,
McGlashan, T. H., and Bremner,
J. D. (2003). Neural correlates
of memories of abandonment in
women with and without bor-
derline personality disorder. Biol.
Psychiatry 54, 142–151.
Schmahl, C. G., Vermetten, E., Elzinga,
B. M., and Bremner, J. D. (2004).
A positron emission tomography
Frontiers in Human Neuroscience www.frontiersin.org March 2013 | Volume 7 | Article 54 | 20
Holtmann et al. Emotional interference in borderline personality disorder
study of memories of childhood
abuse in borderline personal-
ity disorder. Biol. Psychiatry 55,
759–765.
Schubert, R., Ritter, P., Wustenberg, T.,
Preuschhof, C., Curio, G., Sommer,
W., et al. (2008). Spatial attention
related SEP amplitude modulations
covary with BOLD signal in S1–
a simultaneous EEG–fMRI study.
Cereb. Cortex 18, 2686–2700.
Schulze, L., Domes, G., Krüger, A.,
Berger, C., Fleischer, M., Prehn, K.,
et al. (2011). Neuronal correlates
of cognitive reappraisal in border-
line patients with affective instabil-
ity. Biol. Psychiatry 69, 564–573.
Sergerie, K., Chochol, C., and Armony,
J. L. (2008). The role of the
amygdala in emotional process-
ing: a quantitative meta-analysis
of functional neuroimaging stud-
ies. Neurosci. Biobehav. Rev. 32,
811–830.
Sieswerda, S., Arntz, A., Mertens,
I., and Vertommen, S. (2007).
Hypervigilance in patients with
borderline personality disorder:
specificity, automaticity, and
predictors. Behav. Res. Ther. 45,
1011–1024.
Silbersweig, D., Clarkin, J. F., Goldstein,
M., Kernberg, O. F., Tuescher, O.,
Levy, K. N., et al. (2007). Failure
of frontolimbic inhibitory func-
tion in the context of negative
emotion in borderline personal-
ity disorder. Am. J. Psychiatry 164,
1832–1841.
Spielberger, C. D., and Lushene, E.
(1966). State Trait Anxiety Inventory
(STAI). California: Consulting
Psychologists Press.
Staebler, K., Gebhard, R., Barnett,
W., and Renneberg, B. (2009).
Emotional responses in border-
line personality disorder and
depression: assessment during an
acute crisis and 8 months later.
J. Behav. Ther. Exp. Psychiatry 40,
85–97.
Stiglmayr, C. E., Grathwol, T., Linehan,
M. M., Ihorst, G., Fahrenberg, J.,
and Bohus, M. (2005). Aversive
tension in patients with bor-
derline personality disorder: a
computer-based controlled field
study. Acta Psychiatr. Scand. 111,
372–379.
Vuilleumier, P. (2005). How brains
beware: neural mechanisms of emo-
tional attention. Trends Cogn. Sci. 9,
585–594.
Vuilleumier, P., Armony, J. L., Driver,
J., and Dolan, R. J. (2001). Effects
of attention and emotion on face
processing in the human brain: an
event-related fMRI study. Neuron
30, 829–841.
Vuilleumier, P., and Pourtois,
G. (2007). Distributed and
interactive brain mechanisms
during emotion face perception:
evidence from functional neu-
roimaging. Neuropsychologia 45,
174–194.
Vuilleumier, P., Richardson, M. P.,
Armony, J. L., Driver, J., and Dolan,
R. J. (2004). Distant influences
of amygdala lesion on visual cor-
tical activation during emotional
face processing. Nat. Neurosci. 7,
1271–1278.
Wagner, A. W., and Linehan, M. M.
(1999). Facial expression recog-
nition ability among women
with borderline personality dis-
order: implications for emotion
regulation? J. Pers. Disord. 13,
329–344.
Whalen, P. J., Shin, L. M., McInerney,
S. C., Fischer, H., Wright, C. I.,
and Rauch, S. L. (2001). A func-
tional MRI study of human amyg-
dala responses to facial expressions
of fear versus anger. Emotion 1,
70–83.
Wingenfeld, K., Rullkoetter, N.,
Mensebach, C., Beblo, T., Mertens,
M., Kreisel, S., et al. (2009).
Neural correlates of the indi-




Wiswede, D., Munte, T. F., Goschke, T.,
and Russeler, J. (2009). Modulation
of the error-related negativity by
induction of short-term negative
affect. Neuropsychologia 47, 83–90.
Wittchen, H.-U., Zaudig, M., and
Fydrich, T. (1997). Strukturiertes
Klinisches Interview für DSM-IV.
Göttingen: Hogrefe.
Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.
Received: 21 August 2012; accepted: 08
February 2013; published online: 01
March 2013.
Citation: Holtmann J, Herbort MC,
Wüstenberg T, Soch J, Richter S, Walter
H, Roepke S and Schott BH (2013)
Trait anxiety modulates fronto-limbic
processing of emotional interference in
borderline personality disorder. Front.
Hum. Neurosci. 7:54. doi: 10.3389/
fnhum.2013.00054
Copyright © 2013 Holtmann, Herbort,
Wüstenberg, Soch, Richter, Walter,
Roepke and Schott. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License, which permits use, distribution
and reproduction in other forums,
provided the original authors and source
are credited and subject to any copyright
notices concerning any third-party
graphics etc.
Frontiers in Human Neuroscience www.frontiersin.org March 2013 | Volume 7 | Article 54 | 21




Literature-based probabilistic regions of interest 
Literature-based probabilistic ROIs for α-error adjustment were created using a previously 
described algorithm (Schubert et al., 2008). Coordinates of dACC, rACC, amygdala and FFA 
activation maxima were obtained from recent studies implementing cognitive flanker tasks, 
implicit emotion regulation tasks and viewing of fearful faces respectively (dACC: 
Wingenfeld et al., 2009; Fan et al., 2003; Durston et al., 2003; Bunge et al., 2002; vanVeen et 
al., 2001; Kerns et al., 2004; Fan et al., 2005; Ochsner et al., 2009; Abutalebi et al., 2011; 
Matthews et al., 2007; Das et al., 2005; Egner et al., 2008; Bush et al., 1998; rACC: 
Minzenberg et al., 2007; Wingenfeld et al., 2009; Etkin et al., 2006; Silbersweig et al., 2007; 
Etkin et al., 2010; Das et al., 2005; De Martino et al., 2009; Egner et al., 2008; Whalen et al., 
1998; Bishop et al., 2004a; Shin et al., 2001; Kim et al., 2008; amygdala: Donegan et al., 
2003; Koenigsberg et al., 2009; Herpertz et al., 2001; Breiter et al., 1996; Minzenberg et al., 
2007; Wright et al., 2006; Etkin et al., 2004; Dannlowski et al., 2007; Iidaka et al., 2001; Das 
et al., 2005; Whalen et al., 2001; Pessoa et al., 2006; Hariri et al., 2002; Loughead et al., 
2008; Yang et al., 2002; Williams et al., 2004; Egner et al., 2008; Ochsner et al., 2004; 
Williams et al., 2006; FFA: Koenigsberg et al., 2009; Ishai et al., 2004; Bunzeck et al., 2006; 
Breiter et al., 1996; Pinsk et al., 2009; Pourtois et al., 2009, Pelphrey et al., 2009; dlPFC: 
Blair et al., 2007; Bunge et al., 2002; Bush et al., 1998; Durston et al., 2003; Etkin et al., 
2004; Etkin et al., 2006; Fan et al., 2003; Fassbender et al., 2006; Grimm et al., 2006; Iidaka 
et al., 2001; Koenigsberg et al., 2009; Loughead et al., 2008; Luks et al., 2002; Luo et al., 
2007; MacDonald et al., 2000; Ochsner et al., 2004; Ochsner et al., 2008; Silbersweig et al.,  
2007; Sternet al., 2007; van Veen et al., 2001; Wang et al., 2009; Williams et al., 2006). The 
coordinates of all local maxima of activation reported by the authors were pooled and, if 
necessary, transformed from Talairach to MNI space, using the affine algorithm proposed by 
Brett et al. (2001). In case of more than one coordinate for the same structure we built the 
arithmetic mean of the respective coordinates to avoid the predominance for certain papers. 
Based on this data set, the ROIs were created in a five-step procedure: 
 
(1) The probability that a voxel at a given position within an anatomical ROI showed neural 
activity regarding the corresponding literature was estimated by calculating a 3D normal 




where C is the covariance matrix for all coordinate triples x, y, z from the underlying 
literature and x, y and z  are the mean values of the x, y, and z coordinates, respectively 
(Nielsen and Hansen, 2002). 
(2) The 3D distribution was restricted only to those voxels that belong to gray matter with a 
probability of at least 50%. To this end we used the gray matter probability map as 
provided by SPM8. 
(3) The outer limits of the finally used ROI were defined by a threshold of 1.96 SD of the 
resulting 3D distribution. Finally a binary mask including all surviving voxels was 
formed. 
(4) The binary mask was further masked inclusively with the anatomical ROI of the 
respective regions. These were obtained from the SPM toolbox by Eickhof et al. (2005) 
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et al., 2002) in case of the FFA, the rACC and dACC (as anatomical ROIs for cortical 
midline strucutres are not yet provided in the Eickhoff toolbox). The two ROIs along the 
frontal cortical midline structures were defined by the ACC, the middle cingulate, the 
medial orbital cortex, the superior medial cortex and the rectus. 
(5) The non-distinct ROIs for the rACC and dACC were transformed into binary non-
overlapping masks. 
 
Specifically for spatially extended anatomical ROIs containing probably different functional 
subregions, this procedure leads to a spatial reduction by use of relevant coordinates within 
these ROIs. The final amygdala ROIs comprised 2.3 cm3 each, the FFA ROIs 3.4  (left) and 
2.2 (right) cm3, the dACC and rACC ROIs approximately 19 cm3 each. 
 
[Note: The script for generating the probabilistic ROIs (written in Matlab by Torsten 
Wüstenberg) is available from the authors upon request, and all coordinates used are 
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Masked negative faces significantly correlated with bias 
scores for negative faces
Masked negative faces significantly correlated with bias 
scores for negative faces
Low conflict resolution (CI) trials > high conflict 
resolution (II) trials (emotional conflict task)
Low conflict resolution (CI) trials > high conflict 









The figure displays the overlap of the brain mask and the regions of interest (ROIs) of the amygdala 
and the rACC. The brain mask covered most of the amygdala ROI, and there was almost complete 
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Recent years have seen an upsurge in behavioral and brain imaging research in social cognition, which includes cognitive and
emotional processes involved in social interaction such as empathy, Theory of Mind (ToM), and emotion recognition. While numerous
emotional and face stimulus sets exist for experimental investigations of socio-emotional functions, no such systematic set exists
for stimuli depicting social interaction allowing the investigation of various aspects of social cognition. Here we present the
ToMenovela, a stimulus set that has been developed to provide a set of normatively rated socio-emotional stimuli showing varying
amount of characters in emotionally laden interactions for experimental investigations of i) cognitive and ii) affective ToM, iii)
emotional reactivity, and iv) complex emotion judgment with respect to Ekman’s basic emotions (happiness, sadness, anger, fear,
surprise and disgust, Ekman & Friesen, 1975). Stimuli were generated with focus on ecological validity and consist of 190 scenes
depicting daily-life situations. Two or more of eight main characters with distinct biographies and personalities are depicted on
each scene picture.
Normative data on each stimulus of the set was obtained from a sample of 61 neurologically and psychiatrically healthy
participants (31 female, 30 male; mean age 26.74 +/- 5.84), including a visual analog scale rating of Ekman’s basic emotions
(happiness, sadness, anger, fear, surprise and disgust) and free-text descriptions of the content. The ToMenovela is being developed
to provide standardized material of social scenes that are available to researchers in the study of social cognition. It should
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(Authors are required to state the ethical considerations of their study in the manuscript including for cases
where the study was exempt from ethical approval procedures.)
Did the study presented in the manuscript involve human or animal subjects: Yes
Please state the full name of the ethics committee that approved the study. If the study was exempt from this requirement
please state the reason below.
 The study was approved by the Ethics Committee of the Otto von Guericke University, Magdeburg, Faculty of Medicine.
Please detail the consent procedure used for human participants or for animal owners. If not applicable, please state this.
 
All actors gave written informed consent for the use of the resulting photographs for research purposes. All participants of the
evaluation study gave written informed consent prior to the participation in the study in accordance with the Declaration of
Helsinki.
Please detail any additional considerations of the study in cases where vulnerable populations were involved, for example
In r
i w
minors, persons with disabilities or endangered animal species. If not applicable, please state this.
 
Some photographs display children as supporting actors. All parents were informed about the purpose of the stimulus set and
consented to have their children participate in the photo shootings. At least one parent or (in case of children over 10), a person
entrusted by the parents, was always present when photographs involving children were taken. No children served as supporting
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